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PREFACE TO THE SECOJTD EDITION 


Tne appearance of a second edition of tins Anatomj* of the Eye and Orbit has 
enabled me to make several corrections and to add some sivtj illustrations, 
the majoritj of vhich Mere prepared from sections made in the Pathological 
Laboratorj at the Rojal Westminster Ophthalmic Hospital 

Included m these jiictures is a senes of flat sections of the retina, mtliout 
•which it is quite impossible, I think to get a proper idea of the structure of 
this membrane 

Among other changes, the blood supplj of the •visual pathwaj has been 
rewntten, there i« a note on the differential staining of the rods and cones, and 
something new about the structure of vesseU of the iris 

I am much indebted to Professor H ^ Harm w ho kindlj corrected the proofs 
and made manj useful suggestions , to the Royal Society of Jledicine and the 
Ophthalmological Society of the United Kingdom for figures published in the 
Proceedings and Transactions respcctnelj ,toMr PittockandMr McDonald for 
the photo micrographs , and to the Publishers, who liave again done their utmost 
to carrj out inj wishes 

ELOE^E Wolff 

W iwpoLE Street, 

LONDOV, Vi I 



PREFACE TO THE FIRST EDITION 


Tins Anatomj of the Eye and Orbit is based mainly on lectures and demonstra 
tions M Inch I have had the honour to give during ten years as Demonstrator of 
Anatomy at Um\er6itj College, and for the last tliree years as Pathologist and 
Lecturer in Anatomj to the Royal IVcstminster Ophthalmic Hospital 

It IS an attempt to present to the Student and Ophthalmic Surgeon the 
essentials of the structure, development and comparative anatomy of the visual 
apparatus in conjunction vnth some of their clmical applications The motor 
nerves to the eye muscles liave receii ed special attention, as have also the illus 
trations, many of ivhich are from my oivn preparations 

indebtedness is manifold to my chief Professor Elliot Smith, who has 
given me much advice and help, especially in the portion dealing with the 
^cu^oIog^'■ of vision , to Dr H A Hams for many useful suggestions , to 3Ir 
Percy Flemming, irho first taught me to combine Anatomy wntli Ophthalmology , 
to Sir John Parsons, to whom I owe many pomts m appbed Anatomy , to the 
Surgeons of the Royal IVestmuister Ophthalmic Hospital for help and encourage- 
ment , to the artists w ho have done their work with so much skill and care , to 
my wife, who aided me m many w ay s , and to the Publishers, who have tried their 
utmost to carry out my wishes 

Harley Street, 

LoMJOv W 1 


Euoexe Wolfp 
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ANATOMY OF THE EYE AND ORBIT 


CHAPTER I 

THE BONY ORBIT AYB ACCESSORY SINUSES OF THE NOSE 

The Bovy Orbit 

The two orbital cavities are placed on either side of the raid vertical line of the 
skull between the cranium and the skeleton of the face Thus situated they 
encroach about equally on these two regions (WmclJer) 

Above each orbit is the anterior cranial fossa medialh are the nasal cavitj 
and air smuses below is the antnim of Highmore, while laterally from behind 
fonvards are the middle cranial and the temporal fossae 

The orbit is essentially intended as a socket for the e>eball but aUo contains 
the muscles, nerves and %es«els which are essential for its proper functioning 
Moreo\ er, it serves to transmit certain vessels and nerves destined to supply the 
areas of the face around the orbital aperture 

Seven bones take part in the Jbrroation of the orbit, namelj the superior 
maviUa and palate, the frontal the sphenoid and malar or zygomatic bone, the 
ethmoid and the lacrimal bone 

The orbit has rottghly the shape of a quadrilateral pyramid w hose base, directed 
forwards, outwards and slightly downwards, corresponds to the orbital margm, 
and whose apex is the optic foramen or, as some hold, the inner end of the 
sphenoidal fissure , or the bar of bone between these two apertures (Whitnall) 
As stated aboi e, the comparison mth a quadrilateral pyramid is a rough one 
only, for since the floor (which is the shortest orbital wall) does not reach the 
apex, the cavitj is triangular on section in this region 

Also, since the orbit is developed around the eje, and is bulged out by the 
lacnmal gland, it has a tendency towards being spheroidal m form, and its 
indesfc part is not at the orbital margin but about 1 5 cm belimd this Jloro 
over, this results in the fact that ils four walls are for the most part separated 
from each, other by ill-<lefined rounded borders, so that TOiitnall compares the 
shape of the orbit to a pear who«e stalk is the optic canal It is important to 
note that the inner walls of the orbits are almost parallel, whereas the outer w alU 
make an angle of about 00"^ with each other The direction of each orbit 
IS given by its axi!> winch runs from behind forwards, outwards and slightly 
downw ards 

The xoo! or vault oi the orbit is triangular mshape It is formed in great part 
] 
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bj the triangular orbital pKtc of the frontal bone and behind tin's b} the leaser 
asing of the sphenoid It dots not look directlj do%im\ards but shghtU 
forwards as well It is markedlj concaae anteriorly and more or lo'ss f!<at 
jiosteriorK The anterior concavity is greatest about 1 5 cm from the orbital 
margin and corresjionds to the equator of the globe 

It presents 

(fl) Tht foisa for the lacrimal gland Tins lies behind the cxteriml angular 
process of the frontal bone It is simply a slight increase m tlie general concai ity 
of the anterior and outer part of the roof, and is better aiipreciated by touch tlian 
by sight It contains not only the lacrimal gland but also some orbital fat found 
principally at its posterior part (acces'sory f<v.sa of Rochoti Duvigneaud) It is 
bounded lielow by the ridge corros|)onding to the zygomatico frontal suture at 
the junction of roof and lateral wall of the orbit It is usually quite smooth, but 
may be pitted by tlie attachment of the 8us|»cnsory ligament of tlio lacrimal 
gland when this is well dcaelo{»ed 

(b) The foiea for the pulley of the Superior oblique is a small depression 
situated close to -the internal angular process some 4 mm from the orbital 
margin (Figs I and 2) Sometimes (10 per cent ) the ligaments which attach the 
U shaped cartilage of the pulley to it are ossified Then the fossa is surmounted 
most often postenorly hy a spicule of Ijone (the /rocA/fona) Extremely 
tately a ring of bone, representing the trochlea completeK ossified, ma\ be seen 
(U luckier) 

(c) The fronto sphenoidal suture, which is usually obliterated m the adult, lies 
hero liclween the orbital plate of the frontal bone and the RTnall wing of the 
sphenoid 

The roof of the orbit is flcparatod from the inner wall by fine sutures between 
the frontal bone aboie and the ethmoid, lacrimal, and frontal processes of the 
superior maxilla below In or just above the fronto ethmoidal suture are the 
antenor and jiosterior etlimoiilal canals (Fips i and 2) (see later) Tlie roof is 
separateil from the lateral wall postenorly by the superior orbital (aplienoidal) 
fissure, anteriorly by the slight ndge that marks the fronto zygomatic suture 
The orbital aspect of the roof is usually quite smooth but may be marked bx 
tVrtWiW WiW'i TV* WpWt’iWH kaWhVi ttS Vi'* Od«Vi 

orbitaha of Welcker are found most commonly to the inner side of the antenor 
portion of the lacrimal fossa Tlicy are not alwaxs present and arc liest marked 
in the feetus and mfiint (WincUer) Thex give the bone a porous appearance 
and according to Toldt, are for \eias which pm from the dipla to the orbit 

In the postenor part of the orbit, jn or around the outer part of the small wing 
of the sphenoid small orifices may also be found wlucli servo ns communications 
tietweeii the orbit and the cranial cavity and contain vessels during life 

Numerous gmall grooves may lie seen in the roof of the orbit Ihesc lead 
to the alK)\e orifie-cs and are made by vessels or nerves 
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Ver^ rarelv one m-w find an antero jwstenor fissure up to J4 iiim long filled 
^utli iJenorbita and dura irnter 



Fin 1 — ^Titr Obuit mow in Front 

Structure — Tlie rcKif of the orbit ii rcr\ thin tnn-lucenl and fragile cvcc pt 
Mlicre It Is fonnod In the small w mg of the sphenoid nhich is J nmi thick If 
tiic bone l>c hold np to the light, one can make out the ndge^ and dcprosaions on 
tlie cranial nsjx'ct formed In the sulci and g> ri of the frontal IoIk* of tiit Iirum 
Tins is osi>ccnU\ Inn of the posterior tuu thmls Tlie tratnluceneN of the 
anterior third Naries, and depends on the extension of the frontal sinus into the 
roof of the orbit 

Often m old age portions of the lx>nc max lx. absorbed, and then the pen- 
orbita IS in direct contact mtli the dum mater of the anterior cranial fossa It 




4 A^ATOi^Y or me eye and orbit 

IS quite eis\, m the di's'vrticul'ifed skull, to lircak the roof of the orbit bj slight 
pressure uith the finger 

Aho puncliircd tcoutuh through the htlg are wmc/iwe? injlictcd uith the points of 
vmbreUm or tcalkxng sticks, and the roof of the orbit may easily be fractured by 
direct ttohnee [Fisher] 

llic roof of the orbit is inradetl to a >ar;ying extent by the frontal smua and 
sometimes b} the ethmoidal air cells The frontal siiuis ra ij extend outuards to 
the external angular process and hackuacds close to the optic foramen Tlie 
ethmoidal air cells not infrequently maade the lesser awng of the sphenoid 

Relahons — ^Tlie frontal nerve lies in direct contact with the periorbita for the 
\\ hole extent of the roof {liga 143andl44) Tlie supraorbital artery accotnpames 
it onl\ jn the anterior half Beneath the iierac is the lea ator palpobra., and deep 
to this again ls the superior rectus 

The lacrimal gland occnpies the lacrimal fossa and the superior oblique lies 
at the junction of the roof and the mcdi »1 unlls 

In\ ading the roof to a variable extent as seen aboa e, are the frontal sinus and 
the ethmoidal air celli 

Abo\e the roof are the meninges covering the frontal lobe* of the brain 

The umer wall of the orbit (Fig 3) is the only uall winch is not ohiiously 
triangular It is roughly oblong either quite flat or sliglitly convex towards the 
orbital cavity It nins parallel with the median plane and consists from before 
backwards of four bones lunted by vertical sutures 

(а) The frontal process of tlio superior maxilla 

(б) The lacrimal bone 

[c) The lamina papvrncoa (os planum) of the ethmoid 

(d) A small part of the hmly of the spliciioid vnth sometimes (e) the sphen 

oidal turhmated bone 

Of tUc<ie the lamina papyTACca of tlie ethmoid tal cs b\ far the largest portion 
It often show s a characteristic mosaic of hght and dark areas Xhe dark areas 
correspond to tjie ethmoidal air cells while the light lines between them corres 
pond to the partitions between the cells 

In the anterior part of this wall is the lacrtinal fossa formed by the frontal 

•jnanajss of Vriu BnjftTiOT nrrl tbte VaermitA ViwTrt: kX •«•> V/r/ivraktfili iff* ftorA. wTift 

behind by the anterior and posterior lacnmal crests Above there is no definite 
boundary, while lielow the fossa is continuous with the bony iioso lacrimal canal 
At their point of junction the hamulus of the lacnmal bone curves round from the 
posterior to the anterior lacrimal crests and bounds the fossa to the outer side 

(rig 2) 

At tins jKiint the fossa is some 5 mm deep wiiile it gradually gets shallower 
as we trace it upwards It is about 14 mm m height Hie lacrimal bone and 
frontal process of the superior maxilla take varying parts in the formation of the 
fossa , and so the jiosition of the vertical suture between them varies also 
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The anterior lacrimal creat on the frontal process of the superior maxilla is 
ill defined above hut orell marked below, where it becomes contmuoiis with the 
lower orbital margin and here often presents a lacrimal tubercle (Fig 1) 

The upper half of the fossa is in relation to anterior ethmoidal air cells the 
lower part to the middle meatus of the nose (see also p 159) 



Fig 2 — ^Tns 3 Ibdui. Wai. 1. or thb Orsit 

The Structure of the Riner Wall — Tlie inner is by far the thmnest orbital ivnll 
(0 2-0 4 mm ) It is translucent so that if held up to the light, the ethmoidal 
air cells can be plainly seen 

The lamina papyracea of the ethmoid as its name implies is in fact, as thin 
as paper, and mfection from the ethmoidal air cells can easily get into the orbit 
This ts the reason uhy elhmoidttts ta the commonest cause of orbital cellulitis 
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Desjnte its however, the laminor papyracea bwt rarely shows senile 

nh‘<orptive changes, whereas the thicker lacnmnl bone, especially that portion 
which enters into the formation of the lacrimal fossa, is often ahsorhed Indeed, 
it i>^ rare to find an adult skeleton with a whole lacrimal bone 

VARivTiia — Ihe lacrimal Ixine n\aj be dnidcd by accr^otj aviVurt'a into ^nveral parts 
(Schnpgol, Hcnle lIjrH) 

At! omuan bone mat be(1c\elopcd in its tipper and forejiort 

All ncces6.nr\ lacninat bnie such as is found in tnanj lower nninials, may bt split off 
tlie front of tlie etiimoiil 

The bnmnltis mat be nb'iont, nmj e\n.t us a separate bone, or may be double 

Relations — ^The ethmoidal air cells are in relation to the lamina pipyracea 
and to the lacrimal bone Posteriorly the sphenoidal sinus also is in relation to 
this wall (Fig 3) 

The t^vipecior oblique occupies the angle between the roof and medial wall, and 
the internal rectus runs along this wall, while between the two muscles are the 
nnso ciliniy nerve and the termination of the ophtlialnnc artery (Fig 144) 

Anteriorly the lacrimal sac lies m its fossa, surromulcd by the liorimal fascia, 
while just behind it is the attachment of Horner’s muscle, the septum orbitale, 
and tlic check ligament of the medial rectus (Figs 112 and 113} 

The floor o! the orbit is roughlv triangular, corresponding to the shape of the 
roof It 18 not quite horizontal, but slopes slightly downwards from the medial 
to the lateral side Tlie low est part of the floor of the orbit is found m a toiicai ity 
some 3 mm deep at the outer and anterior part The floor (41 fi mm long), 
the shortest of the orbital boundaries is formed h\ three bones 

(1) The orbital plate of the supenor maxtUa 

(2) The orbital surface of the ziffomalic {malar) 

(3) The orhital process of the palate hove 

Of these the sKpenor maxtlla takes by far the largest portion The zygomatic 
forms the antero lateral part, while the jiofafe 6on« occupies a small area behind 
the nnvilh The sutures between the three bones forming the floor of the orbit 
are almost miisihlc 

Tlie floor of the orbit is traaersed by the tnjraorbttal nvkm, winch nins almost 
straight forwards from the inferior orbital (spheno maMllary) fissure At a 
\anable dhtanco (usually about half-way) it is conierted into a canal by a plate 
of bone which grows over it from its lateral side to meet the medial m a suture 
(the mfraorbital Butiirc), which » but rarely obliterated (Fig 3) Tins suture 
can bo traced oi er the low-er orbital margui to the medial side of the mfraorbital 
foramen (Fig 1) 

The mfriorbital canal, fomietl as desenlied nhoic, sinks anteriorly into tlio 
orbital floor and opens at the mfraorbital foramen some 4 mm from the orbital 
mnrgm It transmits the infraorbital vesjiels and nerves Along its courao it 
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gives off the mxddlc and anlenor ^upenor aheolar (dental) canals, for the 
corresponding nerves and ^ es^els 

Lateral to the opening of the naso lacrimal canal a small pit or roughness 
marking the origin of the inferior oblique mu«cle (rarelj) be found 

The floor of the orbit ls separated from the medial irall onlj hi a fine suture , 




Fig 3 — ^The Fxaob op the Orbit 

the lateral v. all is separated from it posteriorly bj the infenor orbital (spheno 
maxillary) fissure while antenorlj it is continuous with it (Fig 3) 

Vakieties — Not mfreciuentU tlie roof of the infraorbital canal and sometimes its floor 
maj be incomplete but otlienn.'e onU \er\ rareb doe» the floor of the orbit show holes, the 
result of senile absorption Langer lias seen three cases where the infraorbital canal ran in 
the suture between the superior maxilla and the malar bone 
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Relations and Stractnie. — Beloxc the floor of the orbit for nearly its whole 
extent 1*5 the antrum of Highmore, a most imi>ortant practical relation. For 
as the bone helu ten them is only 0*5 — 1 mm. Oiicl, tumours of the antrum can easily 
incade the orbtl, causiny proptosh. 

jMore posteriorly is the air-cell inside the orbital process of the palate bone, 
and sometimes extensions from the ethmoidal air-cells may invade tlie floor. 






*10 4 — TkI! DOMJ or THE URSIT in BITU aVT SrrAKATFO 

Tlie inferior rectus is in contact wfh the floor near the apex of the orbit, but 
anteriorly it is some distance away, being soparatetf from it by the inferior 
oblique muscle and some fat. Lateral to the inferior rectus and lying on its 
lateral edge or between it and the external rectus is the nerve to the mferior 
oblique (Fig. 147). 

Tlie inferior oliliquo arises just lateral to the opening of the nnso-lacrimal 
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canal ami p'l'i'es bickTrarcls, out^tards, ami iipMard*! for the most part near the 
floor (Fig 142} 

The infraorbital vessels and nerve lie in the infraorbital sulcus and canal 
The outer wall of the orbit is triangular in shape, the base being anterior 
It makes an angle of 45® mth the median sagittal plane and faces imvards, 
forviards and slightly upwards m its lower part It is shghtlj convex pos 
tenorl>, flat at its centre, while anteriorly tJie orbital surface of the malar 
1 cm behind the orbital margin is concave 

The outer w all of the orbit is formed by two bones 

(a) Posteriorly bj the orbital surface of the great wmg of the sphenoid 

(b) Antenorlj’ bj the orbital surface of the zygomatic (malar) bone 

The sphenoidal portion is sharplj separated from the roof and floor by the 
superior and inferior orbital fissures respectively 

The zpgomaUc portion passes imperceptibly into the floor, and la separated 
from the roof by the fronto-zj’gomatic suture, w hich is roughly horizontal and 
often marked bj a sbght ridge The suture between the two portions of the 
outer wall is vertical (Fig 1) 

The outer wall presents 

(1) The Spina recti lateralis of Merkel — ^This is a small bony projection 
situated on the inferior margin of the superior orbital fissure at the junction of 
its wide and narrow portions It maybe pointed, rounded, or grooved, and gives 
origin to a part of the external rectus muscle.but it is produced mainly bj a groove 
winch lodges the superior ophthalmic vein This groove is prolonged upwards, 
then runs anterior to the spine Not infrequently the spme is duplicated 

(2) The Zygomatic G-rooie and Foramen — ^The groove which lodges the 




nerve and ve'>«els of the s-vme name runs fiom the antenor end of the inferior 
orbital fissure to a foramen m the malar bone This leads into a canal which 
divides into two, one branch opening on the chock the otlier in the temporal 
fossa Tlius the branches of the zvgomatie nerve roach their destination If 
the nerve divides before entering its canal, there inaj be two or oven three 
grooves and foramina in the orbit 

(3) The Lateral Orbital Tubercle (U hit 
nail) ‘—This is a email elevation on the 
orbital surface oftliezvgoniatic bone just 
within the outer orbital margin and about 
11 mm below tlie fronto zygomatic 
sutiirt It gives attachment to 

(n) The cjiock ligament of tlio 
lateral rectus muscle 

Tb/isii.s^ftij.sacv 

ov cball 

(c) The lateral jnlpobral ligament 

{(I) The aponeurosis of the levator iio 7 — IIiokt Hose (rnoM 

palpcbr-esujx*notis(Fig 14i) jiEiirNol 

The conjoined attachment of these four i»r»>T; ) 

structures forms the lateral ocular letmaeulum of Hishcr 

(4) Xot infreqiiontlv there js a foramen m or near the suture between the 
great wing of the sphenoid with the fnmtal, near the outer end of the sujierior 

' VVliitnall Joum of Anal antf/Vy* IDI) xl\l p 30 
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orbital fissure lhi« leads from the orbit to the middle cranial fo«sa and 
transmits n branch of tlio monmgea! artery and a email i ein (Testnt) 

Structure — Being tiie one mostc\po«!ed to in]ur\ the onter is the thickest 
of the orbital nails and !•> csjiecinlh strong at the orbital margin Behind this 
IS a rclatucR weaker part then corner a thicker portion and the most posterior 
portion 1 e that m relation to the niubilc cranial fossa is thinner again (Fig 3) 
The most posterior is in fict the feeblest portion Here on either side of the 
hpheno malar suture it is onl\ I mm thick and its lamellar structure makes it 
transparent In 30 2 »or cent of cases according to Jsjppert ^ there exist in this 
area supjilcnicntan fissures uliich represent the extensue primitive eoinmum 
cation between the orbit and the tcniponl fossi 

Relations — ^Thc outer wall ifcjKiratea the orbit anleriorhj from the temporal 
fossa containing the temiornl muscle jiostetiorlj from the middle cran ial fossa 
and the tcmiioral lobe of the brain (I igs 3 and 14C) 

Inside tlie orbit the lateral rectus muscle is in contact with this wall all the 
wax \bove it arc the lacrimal nerve and artery 

T)e tipina rcrii InfernliD and the orbilat tubercle with their attachments hare 
nireadj heon described as has the rjgoniatic canal and its contents 

He tacrmnl ghnul reaches down on to the outer wall and the lacrtmnl iiene 
sends an anastomotic branch to join thorjgomatie (1 ig 147) 


The following fissures an<l canals lie between the v anoiis orbital \ralU 
The FHiwnor orbital (aplicnoidal) fissure 
The inferior orbital (siiheno maxilhrv) fi sure 
fhe anterior and posterior ctlimoidnl canals 



The supenor orbital (sphenoidal) fissure lies lietween th e roof and lateral w-all 
of tile orbit It is the gap between the small and great w mgs of the si^ienoid and 
IS closed laterally by the frontal 
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ANATOM! OF THE E\E VND ORBIT 


It IS wulei at the medial end where it lies below the optic forimen and is 
often described as comma shajXHl Sometimes there is gradual reduction m 
Ri/e towards the lateral extremity but usually \t is composed of two limbs a 
narrow ouler portion and a w idcr medial jiart At the junction of the two limbs 
IS tlio Spina recti htleralw (lig 1) 

Tlie superior orbital fissure ls some 22 inm long and is the largest communi 
cation between the orbit and the middle cranial fossa Its tip is 30 to 40 mm 
from the frouto malar suture Its medial eml is separated from the optic 
foramen b% the posterior root of the small wing of tlio sphenoid on which is 
found the infra optic tubercle This lies below and lateral to the optic foramen 
on the middle of the \ertical part of the inner border of the wide part of the 
superior orbital fissure (Fig 1 ) The structures that pass through its w ide medial 

BOOY SMMi. W SC C.SUT W NC 



portion arc related to the annulus of 7iiin or to the two heads of the Lateral 
rectus (1 ig U3) 

One or more fronto sphenoidal foramina may be present in the fronto sphen 
swAwl wi tTTWOA'mt. au. ai«>.sjtatuosvx b«itw.eco. tiwi uxi/MJ/, miioj.ag,ea.l. av/J. tb* 

lacnmnl arteries 

Acconling to Hoi elacqnt. Vie ouler limb %« cloial bijditra mater and nothing pa-ise^ 
through tl fins i-, not the usual teaching hut it is home out bj mj own dis 
sections (see Figs island 132) Passingaboietheannulusarcthofourth frontal 
and lacrimal ner\ es the superiorophtbalmic vein ondtherceurrent lacrimal artery 

Parsing witlnn the annulus or between the two heads of the Ijvteral rectus are 
tlio superor dn ision of the 3rd nerve the naso ciliary and sa mpatlictic root of 
the ciliari ganglion the inferior diiisioti of the 3rtl then the Otli (and then some 
times the ophthalmic \ cm or veins) — m that onlcr from aboi e dow inrards Tlie 
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f)th nerve is actuilU pissing from Belotv the inferior division of the 3r(l to be 
lateral and lictween the two divisions (Fig 133) 

As 1 rule nothing jiasses below the innuliH rirelv the inferior ophthalmic v ein 

CPEAT W fJC 
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The inicnor orbital (spheno-maxiUary) fissure lies between the lateral wall and 
lloor of the orbit Through it the orbit communicates with the pterjgo jialatine 
(splieno matilhn) and infra temporal (or zvgomatic) fos-sU It commences 
below and lateral to the optic foramen • 
close to the medial end of the superior 
orbital fissure It runs forwards and 
outwards for some 20 mm its antenor 
extrcmitv rcaeliing to about 2 cm from the 
rnfenor crrifr^T^ mifgrn (Figs / and 3 ) 

The inferior orbital fissure is bounded 
antenorlj bv the maxilla and the orbital 
process of the palate bone postenorl^ bj 
the whole of the lovrer margin of the orbital 
surface of the great wing of tiie sphenoid 
In the majont} Of ca«es it is closed antenorlj bj the zvgomatic (malar) bone 
The fissure is narrower "it its centre than at its two extremities, the antenor 
end sometimes being markedlv expanded 

^ The t^o fissures are hoveter notcoatinuous. assomf'timesststed 
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14 A^ATO'\I\ or THE EYE AND OIIBIT 

fhe «idth of the inferior orbital fissure depends on the de^elo})ment of the 
mnvilhr\ antrum nnd thus la relatuel^ wide m the fcetua and infant 

Tlie outer border is sharp and ma\ |ia\e grooves above and below it it is 
higher tlum the inner border antenorlv but lower poatenorh It is closed in the 
U\ mg b\ periotbita and the muscle of Muller 

The inferior orbital fissure is in close relation iiosteriorl} with the openings of 
the foramen rotumlinn and the spheno palatine foramen (bigs 1 and 2) 

The vifenor oibital fnaure tnnsmits the second divn«ion of the 5th nerve the 
zvgomatic nerve, branchea to the orbital periosteum from the spheiio palatine 
ganglion and a communication between the inferior ophthalmic vein and the 
pterjgoid plevus (Figs 14f> and 181) 

ethmoidal loramma he between the roof and medial wall of the orbit 
either in the fronto ethmoidal suture or actuaUi/ i« the frontal bone Thev are 
the oiiemngs of canals which arc formed in greater part bv the frontal but are 
completed bj the etlimoid (Fig's I 2 and 0) 

The antenor ethmoidal canal looks backwards as well as outwards Its 
ivostcivor bonkr is lU defined and continuous with a groove on the lamina 
racea of the ethmoid It opens in the antenor cranial foi a at the Mde of the 
cnbnform plate of the etlimoid and transmits the nasal nerve and artery 

The postenor ethmoidal canal o)>ens into the anterior cranial fo^en and tram, 
nuts the posterior ethmoidal artery and (sometimes) the small spheno ethmoidnl 
nerve of Luschka (Fig 145) Supplcmentarj foramina are common 

The optic foramen, or ratlior the optic canal leids from tlie middle cranial 
fossa to the apex of tlit orbit and it is formed bj the two toots of the lesser wing 
of the sphenoid It is directed forwards outwards and somewhat downwards 
its axis making an angle of aliout 36" with the median sagittal plane If pro 
duced forwards tlie axis passes approximately through the middle of the mfero 
external (jundrnnt of the orbital o|»ening Hence it is neither m the axis of tJie 
orbit nor of its outer wall (Wmcklcr) If ))roduced backwards it would meet its 
ftllow at the dorsum scllaj of the sphenoid The canal is funnel sliniied tlie 
nioutli of the funnel being tho antenor oi>emng 1 Ins is ov nl in shape w ith the 
greatest diameter vertical The cranial oiiening on the other hand is flattened 
from above down while in its middle jiortion the canal is circular on section 
it'll regird to the intracramn^ ojicning ttic upi»er and 'lower 'oorders are s'liarp 
the mntr and outer nmiided The inter optic groove is thus continuous with 
the inner wall without line of demarcation (tig 10) 

The outer border of tho orbital opemng is more or less well defined It is 
formed by the anterior lionler of llio ^lostenor root of the small w mg of tho 
sphenoid 1 he inner liordcr is less well defined 

The distance lietwecn the intmtraiiial openings of the two canals is 25 mm 
The distaiKc between the orbital openings is 30 mm 

Tho roof of the canal reaches farther forwnnls than the floor while posteriorly 
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tho floor projects beyond the roof Thisgip m the roof is filled in bj a fold of 
dura mater witli a free i) 0 ''ter]or edge (the falciform fold) {Fig 139) 

Tho optic caml is closcl} rehted mcdialh to 
the sphenoidal nir sinus, eometimes to a posterior 
ethmoidal air cell According to Fazakas * the 
longer the optic canal the thinner its mcilnl m ill 
and the more hUeli it is to enter into relation 
^^Ith a posterior ethmoidal air cell Often onl^ a 
1 erj thm plate of bone separates the optic canal 
from these At times the canal makes a ridge 
inside the sinus Not infrequently the smus or a 
l>ostcrior ethmoidal air cell ma\ in\ ade the small 
uing to a greater or smaller degree, and thej h'i\c been known to surround the 
canal completely 

Aboie the canal is the posterior part of the orbital segment of the first frontal 
coniohition 

Tho optic canal is separated from the medial end of the superior orbital fissure 
b^ a bar of bone on winch there is a tubercle or roughness for the tendon of 
Zmn (the infra optic tuhercle) {Fig 1) 

Tlie optic canal transmits the optic ner\e and its coverings of dura arachnoid, 
andpn which are all firmly adherent to its roof (seep 231) the ophthalmic artery 
which lies here below- then lateral to the nerre and embedded in its dural sheath 
and a few twigs from the snnpatlietjc which accompany the artery Separat 
mg arterv and nene is a laser of fibrous tissue which nnv (rarely) be 05>sified 
The measurements of the optic canal arc as follows (UmeUer) 

The orbital opening is G to 6 5 mm by 4 5 to 5 mm 
The cranial opening is 5 to fi mm bv 4 to 6 mm 
In the middle portion it is 5 by 5 mm 
The canal is further narrowed by the periosteum 

The lateral wall is 6 to 7 mm Jong which is the width of the posterior root of 
the small wmg of tlie sphenoid 

The roof I0tol2mm inlengfli varies with the dev elopmentofthe small wing 
of the sphenoid between the anterior chnoid process and the body of the sphenoid 
The upper and inner walls are longer than the others The longer the optic 
canal the narrower it IS and Tice versa (Fazal as) 

The orbital margin Ins tho form of a quodnlaterol with rounded corners * 
Each side measures some 40 mm bat usually the width is greater than the 
‘ Farakas S D e Tojmijra} ! e tier Athi fofUn (CtnIraKt f j 0 1033 28 p 491) 

2 As a common itinaC on of thw the orb (a) marg n taay hate the form of a sp ral tJ o infer or 
orbital margin b^ing coi t nuoos wjlh ibo anterior lacr mal ermt while the superior is conf ni ed 
down by a roughened I ne into the poster or lacnmal crest Tl o lacrimal fossa then I es in the 
orb tal margin (Poiner) 
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ANATOMY or THE EYE AND ORBIT 


heigiit , the relation between the two is given the orbital index , which vanes 
111 the clifTerent racen of mankind The opening is directed forwards and slightly 
Htcralh, and is tilted ‘>0 that the upper and lower margins slope gentlj down- 
wards from the medial to the lateral side * 

Iho orbital margin is made up of three bones, the frontal, zjgomatic, and 
maxilla 

The superior orbital margin is formed entirely of the front'll bone, 1 e by its 
orbital arch and the lateral and metliol angular processes 

It IS generally concave downwards convev forward^, sharp in its outer two 
thirds and rounded m the inner third the junction of the tw o portions, some 
25 mm from the midlinc and situatcrl at the highest part of the arch is the 
supraorbital notch, whose outer holder is usually sharjier than the inner Not 
mfrequenth it is converted mlo a foramen bv the ossification of the ligament 
wliicli clo-es it below The posterior oficning then is 3 to C mm fiom the orbital 
margin It transmits the supraorbital nerve and vessels 

Sometimes medial to this a second notch (of Arnold) or forimen is found 
Tlii-s transmits tho medial branohes of the supraorbital nerres and vessels where 
these hare divided msidc tho orbit 

Snpraorbilnl jjrootas leading from these notches or foramina are sometimes 
seen * 

A groove may also bo present some 10 mm medial to the supraorbital notch 
for tlio supra trochlear nerve and frontal arleiy 

A supraciUnn/ canal (Ward) is found m about lialf the cases (Fig 1) It is 
a small opening near tho supraorbital notch, and transmits a nutrient artery 
and the nerve of Kobclt to tho frontal air sinus 

The lateral orbital margin, being the most oxjioscd to injury , is the strongest 
portion of the orbital outlet It is formed by the lateral angular process of the 
frontal and by tlio vvgomatic bone If looked at from the side it appeus to 
be concave forwards and not to roach as for forward ns tho medial margin 

In the sphono zy goniatic suture there are not infrequently ossicles resembling 
the Wormian bones of tho cranium 

^Vnntlier siitiin. occum hi 21 1 r c«»nt of Jn{>aiux> ekuIN m winch the zjgoinatic bono 
may Ivc m two parts (0* Juponietm) 

I TIjo orbital index (of Broca)— 

_ llwgl t of Orbit X 100 
U itlth of Urbit 

Tukiiic lha orbital index tho nianil ml, Umsi cloasrs of orbit ore reco^ieml 

1 l/fjoitrmr (/ury«) — TI e (irbilal index is sa or over Tliu typo u* cliRraetenufio of tho yellow 
mce« except tho Fi>r|uiinnux Tho orbital opemiig is ruund 

2 Vfr«M« (T (m/«rw/i tie) —Orbital iiidox between 89 and 63 This typo u found in tlio whito 
races (f uropeun 87, rngluJi 88 •! occonlWK *0 Flower) 

3 Microfcnt« (*i mil) —Orbital indix 83 or Ices Tins typo is characteristic of tho black races 
Tlio orhitnl ui'cititig is rpctangulnr 
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The inferior orbital margin is raised sbghtly abo^e the floor of the orbit It 
la formed by the malar and the maxilla, usually in equal portions 

The zjgomatic portion forms a long thin spur (the margmal process) which 
lies on the maxilla (Figs 1 and 4) 

The suture between the tuo, which is not infrequently marked hj a tubercle, 
can be felt lying usually about halfway along the margin ]ust abo^e the 
infraorbital foramen (Fig 1) , 

Sometimes, however, the zjgomatie (malar) may reach the anterior lacrimal 
crest, thu-> excludmg the ntaxilla, ot* ma\ take onlj a very small part it'self m the 
formation of this margm ^ 

The medial margm is formed by the anterior lacrimalcrcst on the frontal process 
of the superior maxilla and the internal angular process of the frontal Below it is 
sharp, above it runs smoothly into the nose At its junction with the inferior 
margin is the lacrimal tubercle (Fig 1) 

Age A^^> Sex Chxxoes 

The orbital margin is rounded and well o^«Ii^ed ot budh As Fisher pomts 
out “The ejeball is therefore well protected from stress and injury duxmg 
partuntion \niea we recollect the relatively largo size and the advanced «tage 
of de\elopment of the eye at birth, it is clearlv specially desirable that such 
protecflon should be afforded , that it is efficacious, the rarity of birth injuries of 
the globe m cases of unassisted labour can testify ” 

The form of the orbit on frontal section bchmd the orbital margin is that of a 
quadrilateral anth rounded corners In the newborn it has the form of an 
ellipse higher on the lateral than on the medial side 

The infantile orbits look much more lateralli than the adult, i e their 
axes, or the lines drawn from the middle of the orbital opening to the optic 
foramen, make on angle ofJl^ and, if produced backwards, meet in the middle of 
the na«al septum In the adult the axes make an angle of 40® — 15® inth each 
other and, if produced backwurds, meet at the upper part of chrus of the •iphenoid 
The‘;e axes, too, lie m the horizontal plane in the infant, whereas m the adult 
they slope downwards from 15® to 20® 

Th^ orbital fis gures are relatively large m the child owuig to the narrownees 
of the orbital surface of the'^wt wing of the sphenoid 

The^ orbital mde\ is hi g h in t he child, the vertical diameter of the orbital 
openmg being practicallj the same as the horizontal Tlie size of the orbits is 
relatii c^y great , thus they do not grow much after pe\ en j ears 

The -^nterorbita l distance is small This is of some practical importance 
Chil dren are not vifregiiently brought to the ophthalmic surgeon because they are 
thought to sguinl icken the strabtimu’t i» apparent only This appearance is due to 
the narrow iiiferorbj/al distance, iikich makes the eyes look too close together, IPdA 
the gronth of the frontal and ethmoidal air cells the interorbilal distance increases, 
and so causes the *' squint ” to disappear 
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Senile Changes — Here tlio chnnges are those due to absorj tion of tiie bonj 
Tvalls Thus in the sku\U of old jicople fretiuenth holes are found in tl e roof of 
the orbit In such ca«e& the pen irbiti js in direct contact u itii tlie dura mater 
The intdial uall although nonnalW >er\ thin nvrelj shows senile holes in 
its ethmoidal portion Parts of the lacrimal lone arc lioueaer so commonlj 
alisorbeil that it is rare to find it cotn]>l^^*^ w' adult skull 

Tie lateral uttU not uneommonU ahous holes or such marked thinnmg that it 
becomes \era fragile in these places 

As regards thc/oor pcmle changes aerj rarcU produce liolcs apart from those 
in the roof or fioor of the infraorbital canal 

In old people too the oil ital fissures especiallc tl o inferior become aider 
owing to absorption of their margins 

In longhcnded (doliclioceplmlic) skiilla the orbits tend to look more laterally 
than in the shortheaded (brachjeephabc) {Mainihardt Arcini fur Opllh 1" 
Bd 11 Abt 1871) 

Mensuration — There is a great dinerencc between the measurements gi\en 
bj different authorities The following is a arerage 

Depth orb t 40 fnm 

rio ght of orb iaI op(Ti g 1 mm 

WjHI oforl jM r« % 40inTO 

It trrorl (aI duttance 4 -mm 

tolumo 30 Lc 

tolumeoforht \o1 ofejo 4 1 (Ov ) 

Sex Differences — Up to pulertj there w httio difTerence between the orbits 
ami in fact the skulK of male and female 

After this the male si nil takes on its second »r\ sexual characters seen espeoi 
all> m the formation of the lower j \w and m tlicjorohead region 

The female remains more infanttlo m firm The oihits tend to be rounder 
and the iij per margm shaifcr than m the male The gl vliella and eiiperciha rv 
ridges are leas marked or almost aliment ITie forelicad is more \crtical and the 
frontal cimnenees more m irl ed Tl c contours of the region arc rounder and the 
bonis smoother The lateral angubr process is more slender and pointed 

The female orhit is more elongated ami relatnel} larger than the male 
(Merkel) 

Tnr PrraonniTA (Fig 143) 

The iwTiorl da or orbital petiostcwTO hues the lioneHof the orbit GencraUv it 
adheres but loosely to the bones which it co\ers so that for the most part it maj 
be lifted from them bj blood or pws or during the cr wrse of certam ojiorations 
At various points howeier it ls iinnh fixed 

(1) U the orbital margin wlicro it is thickened to form the Arcus marginale 
and becomes continuous with the periosteum coiermg the 1 ones of the face 

(2) At the sutures 
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{3) At the % inoiis fiis'jures nnd fortmina anti 
(4) At the hcrmnl fo<! a 

Through the superior orbital fissure the optic foramen and ethmoidal canals 
(Fig 141) It become-? continuous with the dura mater 

In the siijicrior orbital C'i'jurc it becomes a dense membrane which just allows 
sufficient room for the ^ arious structures to pass through 

In the optic foramen the upper part of the nerve and its sheaths are clo«elj 
adherent to the irenosteum of the roof of the canal (see p 231) 

Through the inferior orbital fissure it is continuous mth the periosteum 
coNcring the bones of the infratemporal or zagomatic foss'e through the tem 
poral canal with that of the temporal fossa and iia the z\gomatic canal with that 
on the front of the malar bone 

At the i>o>tcrior lacnmal crest it splits to enclose the lacrimal fossa being 
separated from the sac bi some loose areolar tissue and then passes down the duet 
to become continuous with the periosteum of the inferior meatus 

Tht.'tefacii can be ina<h out and chould be remembered vi doing an exenteration 
of (he orbtl I/aitng divided the perioileum at the orbital niarjjiH tnie fnds little 
di^cultij in renioitnj the periosteal cone except at the abort places ichere bands of 
varying strength haie to be dmded 

The periorbita is liable to become ossified especialK where it rooPj over the 
infcnor orbital canal and where it is attached to the posterior lacrimal crest 

The Muscle ol Muller (Iftwidus orbilaUs ) — In the region of thejnfenor 
orbital (spheno maNillarj) fissure some plain mu«clc fibres are found with the 
penorbita TJiis is the mu cle of MuUcr It is more extensue than one would 
imagine It not onls R]>am.the spheno niaMlhr\ fissure but extends back 
wards deep to tlie tendon of 7inn to the front of the cavernous sinua while 
antenorh it gradinlU gets lost in the penorbita It has a ividth of 12 mm 
Its action in the human is sen doubtful In certain mammals where there is no 
long outer wall to sejiarate the orbit from the temporal fossa the muscle of 
"Muller IS large and takes tlie place of this wall (see also p 34B) 

Belaiwns — Abo\e is orbital fat in which are the inferior ophtlnlnuciemand 
its tnbutanes The inferior surface lies on the fatti tissue of the pterj’go 
mavilhn fossa m which are found the infraorbital nene the spheno palatine 
gaaghon with the artenes and leins surrounding it Through the muscle pas* 
anastomotic branches between the ophthalmic and xeins of the pterygoid plexus 
A erre supply — Branch from the spheno [lalatine ganglion 
Function — The muscle is held «ome to be the cause of the proptosis m 
exophthalmic goitre either directh or indirect^ through pre-'^ure on the vems 
which pass through it But while the muscle acts as a protnider m some of the 
lower animals it does not act m thia wav m man in wiiom it is vestigial^ The 
free venous anastomo'us moreo\er negatues an% effect which a compres ion of 
the vems miglit have had 
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Certain Points or Impobtano in tiie Neiotibourjiood or the 
Orbital 3L\roin 

The Superciliary Ridges arc cIc\ations abo\e the orbital margins which meet 
m tlie mid lino in the glahella which foniis the prominence above the 00=56 The 
prominence of the ridges and of the glabella has nothing to do with the size of 
the frontal smii'ses Tho’k arc larger m the male than in the female and absent 
m the mfant 

The Frontal Eminences arc rounded eIcaation>< on the vertical plate of the 
frontal hone some 2 in abo\e the orbit tlie^ are more prominent in the female 
and c%en more so in the infuit 

The Infraorbital Foramen he's 4 5 mm below the tubercle on the lower 
orbital margm which marhs the suture between the malar and tlie mavilla It 
IS usiiallj oval and looks downward', as well as forwaids Its upper maigm is 
sharji and crescentic while the lower border is ill defined The foramen may bo 
double — indeed wp to fv\e haso l»cen described 

Tlie supraorbital notch, the infraorbital foramen and the mental foramen 
are on the same vertical line which passes between tlie two bicuspid teeth 

The Temporal Crest runs from the c\tcrno! angular process upwards and 
backwards to become continuous with the tem|>orui lines on the parietal bones 

The Sutuia Nolha iFig l) » a groove on the frontal jiroccss of the Miiienor 
moTilln, and runs parallel with the anterior lacrimal crest It lodges a branch 
of the infraorbital artciy 

SoiiFAtr An \TO't\ 

The Upper Orbital Margm forms a well marked prommenco, more so m the 
outer sharp portion than m the inner more rounded part Its form can bo 
made out easily bi touch 

It should be noted carefuUi thit the ejebrow corresponds m position only 
m part to the upper orbital margin 

1 he head of tlio ejebrow lies for the most jwirt «nf/cr the inner part of the 
margin to palpate which the finger must press vjwanh 

The My lies along the margin while the tail runs well above the outer jiart 
of the inatgin which can bo ftit and nsimllv M«n below it 

7 he e.xler7ial angular process often forms n marked promuienco under the 

skin 

The Supraorbital Notch con be felt at the junction of the outer two thirds 
with the middle thinl and not infrcquentlv the Rupraorlntal nerve can bo rolled 
under the finger 

The Outer Orbital Margm is imlj visible down to tlie level of the external 
canthus, but can cisdv be felt m its whole extent 

The Lower Orbital Margm, a-s opiui-ed to the upper, forms no prommence, 
since the skin of tlie lower lid pass«ea without twulden change of plane into that 
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of the cheek. Just bej'ond it, especkllj’ in the oJd, lie the naso-jugal and malar 
furro^rs. 

It Ls easily palpable as a sharp ridge beyond which the finger can jwss into the 
orbit. On the lower and outer side the little finger can pass between the eye 
and the orbital margin for about I in. (1*25 cm.). 

The Lacrimal Tubercle can be felt in the sharp anterior lacrimal crest, as can 
the tubercle at the middle of the lower margin which marks the suture between 
the malar and maxilla. 
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The pulley of the superior oblique is easily felt with the tip of the thumb, just 
within the snpero-medial angle of the orbital margin 

The Lateral Orbital Tubercle (AVhitnall’s) can be felt just within the lateral 
orbital margin at its middle by passing the finger into the orbit and rubbing it 
up and down against the margin. 

The Infraorbital Foramen, or rather its sharp crescentic upper margin, can 
not infrequently be made out 4-5 mm. below the tubercle on the lower orbital 
margin which marks the malar maxillary suture. 

The Zygomatic (Malar) Tubercle can be felt below and behind the external 
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angular procc-'S and between the t^ro w a V shaped interval at the bottom 
of which IS the fronto malar suture 

The Antenor Lacnmal Crest is ensdv defined Behind it the finger passes 
into the lacrimal fossa and behind this a^in the posterior lacrimal crest can be 
felt 

It should be noted carefuUj that the finger in the lacrimal fossa lies below 
the inner angle of the eje and not under the ridge made bv the medial palpebral 
lij^ament 

The Temporal Crest can lie felt arching backwanU from tlie external angular 
proces*-. 

The Nwal Bone, sitting on the frontal process of the siij enor maxilla can be 
seen and pal{ ated dowai to its lower end where it joins the mobile cartilage of 
tlic nose 

Tut Acezs^onx Sinuses of the Jvose 

The Maxillary Antrum — The maxillarj antrum (antrum of Highmore) is a 
p^iamidal cavit> situated m the snjtenor maxilla (Figs 2 15) 

Its ba t forms jart of the lateral wall of the nose its apex lies under the 
malar I one In tho disarticulated elniU the ba«!o presents a large opening which 
w howeier jiirtl; closed in tho recent state bj tlie uncinate pricess of the 
ethmoid above the inferior tiirbmate below the j alatc Iclimd and tl e lacrimal 
in front (1 ig 2) The mucous membrane covers tins m still further so that 
fmallj there is onl^ one small opening (sometimes two) situated near the roof of 
the antrimi and therefore bad for drainage and opening into the middle meatus 
of the nose in the hiatus semilunaris (Fig 1C) The naso lacrimal duct forms 
a ridge in the anterior part of this wall (1 ig lo) 

Tlie antero lateral wall looks on to the face and maj bo reached by everting 
the upjer lip In it are the canals contaming the anterior and middle superior 
alveolar (dental) nerves (Fig 162) 

ihe posterior wall faces the infratemporal or zjgoraatic fossa of which it 
forms the anterior wall In it are the canals for tho posterior Riipenor alveolar 
(dental) nervis 

Ihe roof of the antrum is formed bj the orbital plate of tho maxilla which 
conutitutcH the floor of the orbit In it w the mfi lorbital canal containing the 
itdraoi'hrta.^ werTt! ami aesscls 

Tho floor IS formed bj tho alveolar margin and i about I m (1 2o cm ) below 
the no e In it are seen elevations prcHluccil bv the roots of some of the upper 
teeth the most usual bemg the 1st and 2nd molars but all the tnie maxillarj 
teeth le from tho tanine to the wi dom ma\ be m relation to it Sometimes 
the fings actimllv j reject into the sinus 

The Frontal Sinoses — The frontal sinuses are ca\itie»> of variable extent 
sitimtcii nnteriorlj Ix'tween the two plate* of the frontal bone (1 igs 2 141 145) 
Thev are sepirated a septum which js often deviated to one or other side 
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In the peripheral parts of the sinxis there are also small partitions formmg loculi 
In some cases a frontal sinus may extend outnards to the external angular 
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process at others especially if the septum is much to one side, it may be 
reduced to a mere slit 

On an average (Logan Turner) the height is Ij in (3 cm ), the breadth 1 m 
(2 5 cm ) and depth | m (2 cm ) 

The posterior vrall of the smus is thin contains no diploe, and separates it 
from the menmges and frontal comolutioos 

The anterior n all loohs on to tlie forehead It contains diploe hence osteo 
myelitis spreads more readily in this than m the posterior nail 

Tlie floor of the frontal smus eepamtes it from the orbit and no«e 
Behind and below the ethmoidal air cells are only separated from the smus 
bv a thm plate of bone Not infrequently a fronlo eiJimo^dal air ceil forms a 
prominence m the floor of the sinus (Fig 2) 
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Tlie frontal sinus open'* into the nose lij the infundibulum This nnrrou 
canal passes bct\rcen the anterior ethmoidal air cells and opens into the hntns 
semiltinans in the niiddie meatus, close to the openings of the anterior ethmoidal 
air-cells and the maxillarj antrum (tig 16) 

Hence infection m one sinus can. and does casilj spread to the others 
The Ethmoidal Air-cells — ^Tlie ethmoidal air cells are situated for the most 
part in the lateral mass of the ethmoid hut ate completed bj the frontal palate, 
sphenoid, superior maxilla, and Hcnmnl 

Abo%e them are the menmges and frontal comolutions m the anterior cranial 
fossa 

In front la the frontal Bums, behind the sjihenoidal sinus 
Beloii IS the nose, laterally the orbit and lacrimal fossa (See I igs 1 and 143 ) 
The air cells are separatetl from these structures bv veij thin }>lates of bone 
uliich are not good barriers to the spread of infection Thus the lamina pipj 
xacea, as its namo iraphes, is not much thicker than paper heme the reason whj 
ctlimoiditis 18 the commonest eausc of orbital cellulitis 

The ethmoidal air cells are divideil arbitrarily into anterior middle and 
posterior 

Tho anterior and middle ojien into the middle meatisb of the nose the 
anterior in the hiatus semilunaris the middle on the bulla ethmuidalis (Fig 1 0) 
Tlio posterior form a inethil relation to the optic caiinl and open into the 
Bujicnor meatus 

The Sphenoidal Air Sums — Die aphenoidal sinus bes m the body of the 
sphenoid bone (Fig lfi2) 

Tliere is a aertical median septum often dcaintcd to one or other side of tho 
midlinc A variable amount of a traimcrse septum IS also usually present and 
runs most often from aboae douTiunitls and foruards It is knoun ns the 
" carotid buttress ” (Cushing) because it is used as a 1 indniark for protecting the 
internal carotid artery ulicn approaching the pituilarv body by tho nasal route 
According to Cojie* it can be seen in a fourth of the X rays of the region 

the sphenoidal Finus arc tlic pituitary body and the optic nerve uhith 
often makes a ridge inside the sinus It is this close relation which causes the 
optic nerve to bo invoUed at tunes m smusitLs giving ru>c to a sudden lo'-s of 
vi-^ion (retro bulbar neuritis) 

Bdou IS the nose 

In front are the ethmoidal air cells, the [losterior of which often bulges into the 
sinus 

LaleraWj (iTo the cav emoiis sinii«es, coiitauiiiig the infeinal carotid artery and 
the Cth nerve 

The sphenoidal sinus ojicns into tho highest meatus, or splieno cthmoiclal 
recess 
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DEVELOrMEXT 

T}ji? ^jjjuses vf the /jov s}S Arise es eut-X>3}i)s}jj3ffS‘ the jssiujJ 

muco«a. 

The bud which is to form the frontal sinus passes up through the ethmoid 
bone, and at birth is just present in the frontal hone. The stalk remains as the 
fronto-nasal duct. At 7 years it is about tlie size of a jjea. Then it starts grow- 
ing rapjilly, but does not reach its full size till about 25 years. 

Similarly, the ethmoidal air-cells are just present at birth as small depressions, 
and grow rapidly after 7 years. 

At 2 years tlie sphenoid bone is still spongy, the sphenoidal sinus being 
represented by a sliglit depression at its future opening. It really only starts 
growing at 8 years. 
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The nnxillan antnmi is a groo\e jn the lateral nasal ^all at birtli At 1 
_>ear it has just reached the infraorbital canal It grows ra|>idlj with the second 
dentition, so that at 12 jcats it is nearly like the adult, whose form, however, 
it does not acquire till 18 ^ears 
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THE EYEBALL 


Altiioloh ^^e t-pcak of the gloln; of the e\e U is not a true sphere but consists 
of the ‘jcgments of tuo somewhat niotltficd spliercs placed one m front of the 
other The anterior of the«c two ‘segment's is the smaller more curved than the 
posterior and cnlle<l the eornca 

It IS for this reason that the niitero posterior diameter of the globe is greatest 
(24 mm ) Also the cn chill ls slightU flattened from above down hence the 
vertical diameter (21 mm ) is shglith less than the horizontal (23 o mm ) 



So constituted the cj chall is placed m the anterior part of the orbit nearer the 
roof than the floor and slightlj closer to the outer than the snner wall 

As regards the depth that it normally occupies m its socket a straight edge 
placed against the superior and inferior orbital margins anil just touch or just miss 
the front of the cornea 

But a line joming the inner and outer maigms wall ha\e nearly one third of the 
globe in front of it 



A'NATOAI\ or THP I \E A^^) ORBIT 


Tht oj ebftll i'A in fact lca.«t protectwl on the outer hide and it is therefore from 
tliw 8ide that the surgeon finds his easiest ap 2 >roaclj 

lor 0ns reason ioo rtiplurt of the ghfe tales place frequently up and tn 
from blous uliich come from the louer a;<2 oi ter side 

The glol e of the eje consists of three concentric cosetmgs or tunics enclosing 
the snnotis transparent media tbroiig]i nhich the light must pass I eforc reachuig 
the sensitive retuia 

1 The outermost cost is fibrous protective m function and mode up of a 



Iia 18 — To 8 or Ti r Iohition or n r I vr rs xhp Osbit 
T! o eje w>u» «njerte<l »\th iv eaVuratrd w tultiin of fcatl « tniW b(*f ro tl>« X my was taken 
T> o Actual njcitio 0 U was k n Jly to }ur> by Pror>^c<r H A llams 

jo'stenor five-SLvths which is white and opaque and called tic schra and an 
qrijA Kw!&'pivivK t\vi wwww 

2 The middle coat is ]nainl> viscular and nutritive in its function It is 
made up from behind forvvsrils of choroid ciliarj body and uris 

1 The mncniiost tunic is the retina consisting cse'Cntisllv of nerve eleraenta 
and forming the true reccjitire portion for s isual impressions 

The Cohn fa 

The cornea IS transparent and resembles a httlo watch-glass Its curvature 
IS somewhat greater than tho rest of the globe and so a slight furrow (the sulcus 
sclera) separates it from the sclera 
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Thi> fHrro%\ is l>evt liemonstmteel ui tlie ln>ng bv making the imago reflected 





(Irom in front ) (From beluml ) 

Ju«;t ns fl Ava tcli glacis fitRintoitagroovCj-so does the cornea fit into a groo%e 
tlm «iclera Iho ■simile mu'it not lead one to c how ever tint tlio cornea c 
ho cfisilv sejiaratcil from the 
sclera , for the t ^ieo are struetux. 
all> continuous ^nd histologic 
allj it 13 almost impossilile to 
tell where one ends and the 
other liegms TiOtiUed nt from 
m front, the cornea is ellintio al. 
hcjng 12 mt n_ m the lionzontal 
meridian nnd 11 mm in the 
lerticiH “*■ 

t roni Jiehind. th e circiiinfer 
eii^ of_U !0 co rnea a| ipcars cir- 
i^ilat^ This difference is duo 
to tho fact that the sclera and 
c onjimeti ia overla p th e cornea 
auteriorh more above and below 
than laterally^ 

IdcalK tho cornea forms part 
of the circumference of a sphere, 
hut \u:\ often it Is Clin cd ’ more 
m one meridian tliau'anathor, 

{fiiDig rise to (he comlilion of 
ft^ligmntism 

Tlic radius of curiatiiro of 
the anterior surface i s 7 S4 mm 
{Steiger), Ihat^onhe jiostcrior 

‘ C»\iallj It M inort cun nl in tf eicrtwnl than 
Iho rule 
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7 mni (iller kel and Kal!ui<^) Tliese radii onljjiold good for tbe central third, or 
opticatzone,tho peripheral p ortions^SeingmoroflaUe ned Seuceahighercome-xglai^s 
IS oflen necessa ry u hen loolnng at the^nphen/ of the (un dufujth'^ihe ophthahnofcope 
■'^TKe' cornea is slighilj llii^er atllie penphers (1 m m 1 than at the centre , 
\\here it is 0 8_mm . 

Contrary to popular opinion, most of the refraction of the ej e fakes place, not 
in the lens, but at the surface of the cornea 

Structure. — On microscopic section the fottoumg five lajers, taking them from 
before backvards, can be made out m the cornea 

l —piner^ f Sfralt^ ed E pd^itin\. — ^ITiis may be regarded as the contmiiation of 
t he coiij unctivafoti vards It is some 50- 100^ in thiekne's and consists of fiv e la\ era 
of cells ( Virchou ) Thedcepest ofthese.tlie BasaleeUs, ar e column ar, mthrounded 
heads and flat bases which often present processes tiiat spread out on Bomnan^s 
membrane Each has a slightly oval nucleus w hose long axis is that of the cell 
The next la^er (the Tl tng for umbrella] ^li^^ consQ s oQioIyh^dral cells whose 
roundetTheads are directed anteriorly and w hose concave bases fit o\ er the heads 
of the basal cells and send processes, the wings, betw ecn them Each contains an 
oval nucleus whose long axis parallel with the surface of the cornea 

i'Ue next tw6“or’ fhfee'Iayers'are ako pol\|L^dral, and the most superfi cial a re 
fiattenedliurclo not lose theur nuclei, do they ytormally shou I e ratmtsalion 
' As iiTthe eipdermis, the \ arious cells a’re united bj ’cellTirnTges forming pnokle* 
cells The s paegs between the cells form a Ijmph space which can be injected, 
andi t/nc/t may be greatly distended pathologically, for instance in glaucoma ^ Thciso 
apaces are best seen between, the basal cells, and gradually disappear in the more 
superficial ones , 

A few leucocytes (wandering cells V roaj be found normallj in the space"? 
between the basal cells just in front of Bowmans membrane (Fig 21) Patho- 
logically thej maj mcrea^e greatly m number 

2 .Botwinn ’s jlfcm&raHe j>r the anterior “ elastic ” lamina, is a thin structure- 
less sheet placed between the epithclual cells and the substantia propria It i^. 
separated from the epithelium bj a •?harplj defined border, jind under pathological 

fieJJ sS’f' Ah? 

inewirnHe Posteriorlj the line of dcmarcationfrom the "Stroma is ill defined In 
fact, it maj be regarded as a modified portion of the stroma Penphcrallj it ends 
abruptly in a rounded border.fPigs and 22) 

Bowman’s membrane is n^ot a true elastic membrane nor docs it regenerate 
w hen once it has been destroy ed It, hoivcvcr, ^hows a good deal of resistance 
to injury or infection ' 

3 The Sulistanfin propria consists of transparent almost stnicturelc-s lamella* 
of fibrous tissue pi iced one on the other and firmly united together 

* AcconUng to Kobj (Per iTOpllK , June-JuH, 1930). using the sht lamp, the thickness of 

the cornea at the centre is onlj 0 mm 
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succceduig la^OIN mn\ make angles (up to a right angle) mth each other 
ll ts tins Immualion of the cornea trhtck explains uhj the beginner in maling a 
corneal ■section {for instance in cafnrort extraction) so often finds the Intfe S2yhfting 
the cornea instead of passing through it 
Between the lamelltj arc found 

(n) Fixed cclh, 

(6) \ ^ndcrinc cells 

Fixed coils are connects e tissue cells , called here corneal jtorpu'oles, which 
rc«cmh!c the corpuscles of the Haversian system of bone Each consists of a 
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flattened ce ll wath a large fl'^cned nucleus and having Ranching processes 
which comn umlc^'e \uth th&s^of neighbouring corjiusoles “ 

^^andcrlng w hite cells m ay also be seen They escape from the marginal 
loops of the corneal blood vessels are few m number normallj but play an 
imiiortant part in mflammation 

4 Descemet a Jfcni6rane (or pos terior elastic membrane) is a^ong^truclure 
l ess, and verj r csiatant m embrane Unhko Bowman s membrane it is sharply 
defined from tliC-Corneal f^troaia It la aery xesistant to cheim caLreagents and 
likcwi.sc.to patholjigical proce ss&s going on in the cornea MTien tlie entire Lornea 
ha,s broken do^vn into pus, we often ew the thin Dgyemet’ s membr ane offermg 
resistance and remaining unimpaired for^dajs (Fuchs) 

Descemet 8 membrane is normally in a state of tension if wounded it 
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gapes slightly and tends to assume a cur\e 'nhicli js the oppo''ite of the normal 
I e it tends to curl np and roll out (Salzmann) \\ hile show mg this tj pe of chsti 
citj it does not stain with nil elastic stains although it does with some In fact 
it agrees ver\ much in its staining reactions with those of the capsule of the lens 
Unlike Bowman s menihrane, which nc>er regenerates De--cemct s m embrane 
call be re formed^ 

Descemet’s niemhrane often tapers at its edge hut altliough it appears to end 
here it can bo t raced int o a portion of the Liganientum pectinatum iridis (see 
below ) 

Tliua this ligament is not formed of a fibrillation of Descemet as often stated, 
for it contains other structures besides it (p t*l) 

At the p cripliery of the cornea the posteriotsurface of the membrane presents 
rpimded wartJike_eleiatio^s the llnssal Henle bodies which tend to increase in 
old age (see p I()6) 

'5 The f'mtolht hiinLis the most jiosterior lajer of the cornea, and consists of a 
8ingloJajer_qf flattened epithelial like tells continuous round the a ng le of the 
anterior chamber with tho«c on the front of the ins The cells at the back of the 
cornea with their nuclei can bo seen b> means of the slit lamp in the lumge^c — 
the onlj place m the bod^ where this is possible (sec p 105) 

iJtn6ryolo5i«iUi; the cornea is the contuuiation forwards of three structures 
(n) The epithelium and Bowmans membrane of the coiijimctiaa 
(ft) The substantia propria of the sclera 

(c) Descemet s membrane and the posterior endothelium of the uveal tract 
Pathologtcoll^, too this ls of miiiortancc, for the epithcljum is liable to be 
afTected m diseases of tlie conjiinclua, tlio stroma in diseases of the sclera and 
Descemet and the endothelium in di«ea«es of the uveal tract 
Tpy T.™nns 

As vve approach the limbus that is the 1 mm transition zone between the 
cornea on the one hand and the coiijunctiv a and sclera on the other the y^helium 
becomes thicker, up to ten or inoro lajcrs. Its posterior horcler become-s wavj 
and ma^ even prc«ent a pajiillarv appearance, Tlie cells of the basal lajcr become 
smaller poorer in protoplasm and the nuclei small and more denseh staining 
Tins caii'ses the basal lajcr to appear under the low power of the miero'-cojiD ns a 
ilnrL line viliich is cliarnctenstic of the limbus anti conjunctiva (I ig 22) 

At the limbus the htromv of the cornea loses Iht regular arrangement of its 
lamella, and becomes more hi e nnlmar} connective tissue This clmiigo is hist 
seen m the sujwrficial lasers then m tho dccjicr 

Here too, wc find the marginal ve{wel*j^nd sparse cl istic hbresjjvhich increase 
ns wejiass towards the sclera The marjnnal vessels (sujwrficnl mnrgmin plexus) 
lie for tlio most part suporficuilh Tliev occiipv n tnangulir area whosc-apex 
lies where Bowmans memhrnnt ends, and whost^liafc is formeiT bv episcleral 
tissue and sclera 
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Thf Vf*;sels and N^ves of xifE Cornea 
T he cornea a\a«cular, except for amaU loops den%cd fr om th e anterio r 
_cdi!\iN vQggels, u Inch m^ adc tbe jienplierv^or I mm onI> ~The nourishment is 
obtained bj mphatic permeation through the spaces between the hmellce Xo 
actual 1\ mphatic vessels lined bj endothelium arc found 

^on Kccklmghauscn 8 canals and Bonanans tubes are artefacts 
Nerves — The cornea w supplie<l b\ the ophthalmic dii ision of the 5th cranial 
\ja the cihata nerves and tho'c of t he s utroiindin g con]»nctiia Tfte jirsl 
Jinfio/i of (he ’ilk tierte tn fad /tuppiiM almost Ihe u?ole of thecycand tt^appeiid 
ages gniHgtranung of injury fortmiance of n foreign body, ami hence may icell be 
called the eenhnel of the eye Th^ontermr cihara _ner%cs ent er the sclera from the 
perichoroidal space a short distance behind the limbus The^ anastomose with 
each other and with the conjunctual neraesj_formmg_poricorneaLplexiisea at 
\ arious lea eh The nera es jiass into the cornea asjl^Sn 'mSelinatecUflmlCs^ its 
iimctian_aaitk,tliejEclcra After baaing gone about'2:r^ mm , thea^usua^lla lose 
J:Keir jiua dm sheaths and diaide into taao groups — -antcttor^a jid posterio r ^Tho 
iyvtenor<40j50)^ass through the substance of the cornea and then form a plexus 
under' B ow man s memlirane Haa mg traaersed this the fibres anastomose ag'Tin ’ 
toT^rm A Wliein uiciiai plexus and la«tU actually m amongst the epithelial cells 
an' intmcpithclial plexus ii found 

XhejKisleciQr (40 or uO) pass to the posterior part of the cornea According. 
to Dogic! the iicraes m the stroma at the penphcr\ of the cornea end uusmall 
plates aaithsemtedcdgcss Krause e. end bulbs arc found beneath the epithelium 
at the limbus, and in the epithelium of the coniea itself (ho ncracs end m rounded 
or jiear shajied end bulb> 

Till ScEERA (Flioai as HARD) 

The sclera forms the posterior opaipic five sixths of the fibrous protectia e coat 
oftbeeje Itsnntenorportionisaisiblc and constitutes the ‘ aaliite ’’ of theeje 
In childhood (or pathologicaUa) avhen the sclera is thin it appears bluish 
on ing to the hi ea show mg through Jn old ago it mai become yellow isb owing 
to a deposition of fat The inner surface of the sclera is brow n ow mg to adherent 
suprachoroidal pigment and is mnrkcil b\ grooacs in which the ciliara nerves and 
aesscLs ho 

Tlie sclera is thickest behind (about J mm ), and gradually becomes thinner 
as we trace it forwards It is aera thm at the insertion of the recti muscles 
(0 3 mm ) but the thickness of tendon and muscle = 00 mm (big 28) At 
the site of attachment of the optic nerve 3 mm to the inner side of and just 
aboie the posterior pole of the eje, the eclera becomes a thin sieae like m'^m 

‘ PTiile this ta Iho class col descnption it woul I appear that in man tl e three plexuses cannot 
be demonstrated as they can in tho lower nnimtila 
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branc — tlic lamwa crtbromf through the holes of \\ Inch the axones of the ganglion 
cells of the ictina pass 

Ihe lamina cnbrosa forms the aieake&t spot in the outer fibrous tunic of the 
c\c In glaucoma tlicrefore, it is here that the 030 will gne, and result in the 
cupped dL«c — characteristic of the chronic form of tlio disease when the mtra 
oculai pressure lias been raised for some time 

Morcoier, as the fibres of the optic nerve pa«s through the lamina cnbrosa 
tho\ lie m canals who<e walls are little di->tensiblo and hence are easiJ 3 strangu 
latcd In inflammator 3 swelling 

TIio outer surface of the eclera is recened into the cap'^iilo of Tenon to winch 
It IS connected b} fine trabcoul-c (see aKo p 185) 

The sclera is pierced In three sets of apertures — j ostenor middle, anti anterior 
The Po«/erior apertures are situated round the opt ic neri e and through them 
pass the long and short posterior ciliary lesscls and iienes 

The apertures 4 mni bchuid the equator of the eje gne exit to the 

venoj aorticoso: which come from the choroid and some lymphatics 

7 he Anlertor apertures are for the anterior ciliars vessels (which come from 
the muscular branches to the recti), perira«cular hanplntics and sometimes 
nerves which ma 3 have ganglia on them (sec al^o p 38) 

Structure — ^The sclerotic consists of dense bands of fibrous tissue some 
thickncs a and lOO-HOu. m widt lu Ihe InuiLs are mosth paralleP 
with tlic suiface and cross each other in all directions The\ may divndo iITcho 
fomou 8 l 3 '’Tnid tlieii lolmite The imbncatioii of the fibres is so dense, especially 
in its postenor part tli it it is almost impossible to scimnte them by dissection 
The deoi«?r bands arc stronger than those next llie episclcm Tlie tendons of 
insertion of the recti muscles run into the sclera as parnUol fibres and then spread 
out III a fun phttiied manner to l>eeomc lost among the meridional fibres of the 
sclerotic 

The tendons of the obhque mu&clcs behave siimlarlj but here they lose them 
selves among the oblique or equatorial fibres of the scleri 

Just as the direction and strength of the bony trabecule of the shaft of the 
femur are determined bv the stresses and strains to which it is subject, so thejilan 
of tlic scloial fibres is determined bv the intraocular tension and the pull of the 
vanousjmiscles 

riio adaptation of the selenitic to these Stresses and strains is eflccted by the 
disposition of the fibrous bands» by the wavy course of the connective tissue 
fibi^j and by the great abundance of the clastic fibres (Itedslob) 

The dificrcnt parts of tlie sclerotic have difiercnt functions to jicrform This 
IS Tecogm''ed bv the orient ation of tlie fibres In thej >aate£ior^portion,the external 
fihivs are arranged like the net ai-oundn billoonrwhile fibres spread 

out fanwisc Ihus thev V'lil gi'c gradually in a ca^e of increased intraocular 
tension Moreover the wavy fibres l»ecome_Btriight due b>_tlie tension of the 
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ehosti c fibres. _ Wlieti the tension diminrshes, the elastic fibres are relaxed and the 
connective tissue fibres become naTj* again. Everything takes place as if the 
sclerotic nrere a spring (Redslob). 

The anterior portion has a different 
. function, it l onns a rig id skeleto n fo r 
the insertio n o f the ocular muscles. 

This ngidity-Js^bi37nght_abouLJiy~the 
etrictly= circular- direction of-the scleral 
^fibres,— 

the connective tissue fibres 
tend to become sclerosed . Tins con- 
densation is seen especially amiind th e 
canals of the venre vorticosre . 

The sclera is ver y rich in ela^ic fibres 
on— the surface of the fibrous 
band-s. They are especially abundant at 
the equator a round the optic nerve a nd at 
thejmibjia, 

Jllastjc-fibr 5 l.are not present in the 
embryo. Theyonly d evelop after b irth 
and increase un to a diilt life. I n old a_ge 
they d imii^h again. 

Tb^ fixed cells of the scleral tissue 
resemble thgaft^oiLl lm cornea , but the 
nuclei are more irregular, and the 
syncytium formed by the processes not 

so closed (Salzmann). ^ n. 

' ' , Fic. 24 —To SHOV THE STBCCTCBE or THE 

Pigiuen ted celts of various sha pes-atc- Scltra axd the Long postebioe Ciuabt 
mel T^th, especiallV in^e deeper lay ers Xekte r. the scytucHoPoioAi. Space. 
neat the choroid_an d on t he vessels and IZevexe. Maixort’s Phospkotx so Haek) 
n erves ^ hic h pass thro ugh the i^ero. > 

Aiso at the paints wJrere the a ateaefeit^ cy vea?e2r e ater there & often a cohVefron 
of pigment, espec ially in dark people. 

These pig ment cells have o bno^ y migrated Jrom ihemja, and point JJie teat/ by 
ichich tnalignanl disease oj Tfie interiorj>/Jhe eye ojlen ?nale-* ilsjcay to the outside. 

If a section be taken passing through the cornea and sclera, no line of demar- 
cation can be made out, the fibres of one being continuous -with tho-'e of the 
other. At their junction, however, "we find the canal of Schlemm.* 

The sclera is almost avascular except for the vessels which pass through it to 
and from the interior of the eye. 

• Tbo corripo-scleral junction ta best e 
globe which has just been sectioned. 





1 by looktBg with the nailed e; e at a freshly enaeJenf ed 
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ro&tern>rlj_aroun{l_the optic ner\ej>e find the circle otZmn or Haller 
The e j nxch r al t issue is the loo^se connectiie and eli^itic ti'-sue which covers 
the sclera aiid anteriorly connects the conjunctiva to it It is for the most part 
continuous superficnlly vMth the loose tissue of Tenon's space, vihile its deeper 
layers become more and more dense and gradually give place to sclera proper 
It differs both from the loose tissue of Tenon’s space and the sclera, botli of 
vvhieh are relativelv avascular, by containing quite a fair number of vesscU 
Behind t he in sertion ofjhe recti muscles the episcleral tissutis thin and the 
veascls, two veins to each artery, form a viidc meshed net The arteries hero 
come from the posterior cihanes. 

In front of tlie nttaclimont of the muscles the episclera is much thicker and 
much richer m vesseK The meshea of the vascular net too, are much smaller 
A capillary net only evists in this anterior /one of the scleri It is n marked 
filling of this net which is called ** tihary injection '* (Salzimnn) 

Nerves ol the Sclerotic. — T he cihary ne rves pierce the scleiotic around the 
opticnerve The long cil iary netrca accompany the long posterior ciliary arteries 
and eo reach the cilinrv body At the level of the orbiciilus cihans the nerves 
lUvj^de into branches Some g o to the cihary body, some accompamed by vessels, 
penetrate the sclerotic, most commonly at the equator or some 2—1 mm from the 
UiuHw ^Vlicn they reach the surface the branches anastomose, foiming loops 
around the hnihus from tlie convexity of which branches pass into the cornev 
Ne.rves also pass from the episcleral tissue inwardj> into the sclera 
Some scierarnen es have a curious course They enter the sclerotic and may 
ev cn reach its outer surface They then bend round sliarjilv and turn back to the 
jioint of entrance ThC'BxtrcmityliT the loop sometnnes presents a mushroom 
like tlucfo'iiing TiiCNp scleral loojte are found most commonly about 1 <5 inra 
SiomShs limbus In tlieir mtrascleral course the nerves aro often accompanfed 
by pigment and appear under the conjunctiva as hvalinc elevations surrounded 
In a nng of pigment which are very «iensiUvc (Redsloh) 

fllE OaVAL of SciILEMVl (SlNOS VINOSUS SCLFKA) 

The cnnalpf Schlemmjs a space which, placed in the corneo scleral junction, 
encircles the angle of the anterior chamiHT Oii section it is oval and often' 
double It may, m fact, be coTOjinird to a stream which divider into two or 
more tributaries and tlien reunites again (bolziiiann) 

It IS lined bv endothelium « liose nuclei project inw ards, and is separated from 
the sclera by a variable amount of connective tissue rich m cells 

Behind the canal of .Schlemm is the sclera! spur (Kigs P), 21, 22), winch also 
overlaps it somewhat on the inner side Hlediai to the canal are the trabeculai 
forming the spaces ‘ of rontnnn 

* Tlio •o-cntlpci of tonlnim in tic hiirnan cre not exortl^ liomologo n* with the spoecs 

dc9crilx>U hv Foi tnna in the louor sniinnls TbcM aln occur «n the 1 nmiui fcptux up to 0 monlli* 
liut Inter dieupponr 
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There is no direct commiinicatjon with these spaces, but solutions pass very 
easilj from the anterior cliamber into the canal of Schlemm Particulate matter, 
meludmg cells, are held up hy the trabecular netu orU 

There is a direct communication with the anterior ciharj \eins (see later) 
Thus the aqueous passes from tlie anterior chamber into the canal and thence 
to the anterior ciharj leins 

Tlierc IS still much dispute as to ■nhetUcr the canal of Schlemm is a venous or 
limpbitic channel Manj anatomists regard it as a venous channel, though 
nornnUj no blood corpuscles or onU a few are found m it Storeover, no real 
\nhcs ha\e been found between it and the anterior ciliary veins 

According to Maggiore, however, the connecting, cha n nels betireen the canal 
of Schlemm and the ciliary vems are mmute, flattened, and ha^e an oblique 
course Thejt could tlierefore act as modified lalres, and tend to preient blood 
getting into the canal Xormallj this valvular action is competent to vnthstand 
the Tenous pressure, and thus the canal usually contains aqueous Under condi 
tions of congestion the valvular action breaks doum and blood passcB into the 
canal Thu? is borne out b;, the observations of Troncoso inth the gomoscope 
Schlemm lumielf found blood m the canal because he evarained the eye of a 
•criminal uho had been hanged, and m whom, therefore, the veins of the head and 
neck were most probably engorged 

Tire Lioamentom PEcrrvATtrvj minis ^ 

Tlie in», as wo shall see, does not arise from the corneo-scleral junction but 
farther back from the middle of the anterior surface of the ciliary body 

A space « thus left between tbe sclera and the root of the iris which is filled 
in bj a sj>onge work of connectiie tissue trabecul'e knomi as the ligamentum 
pectmatum iridis 

This Is triangular on meridional section The apex of the triangle is 
attached* to Dcscemet’a membrane and the posterior lavers of the cornea The 
inner side lies m the anterior chamber The outer side of the triangle is in 
relation antenorlj to the cornea , farther back it forms the inner wall of the 
canal of Schlemm (Figs 19,22,23) 

Tlie base of the triangle is formed bv the scleral spur and the ciliary muscle, 
while the postero medial angle i*, as it w’cre, contmued m front of the ciliary 
bodj into the root of the iris Each trabecula on section consists of four lajers 
(Salzmann) Centrallj is a mass, of collagenous fibriU® , around this are 

‘ The name ligamentum pectmatum mdis la misleading for, as Fuclis points out Hueck intro 
duced it because be found that m ungnlatea on stopping the ms from the sclera the tissue that 
umtes these parts projects in a series of ndges tesembling the teeth of a comb (pecten) In the 
human festua up to the sixth month a similar structnro is present but later disappears 

» Schwalbe describes the ligament as being attaeled to the anterior border nng ' which is a 
Circular bundle of connective and elastic fibres placed m front of or in tlie lenDination of 
Descemet s membrane 
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elastic fibrt'i tlien comes a ring of li^nlou! niatenal mniihr in structure and m 
part continuous wth Dcscemct’s membrane This again is coacred bj endo 
thelium (1 !g 25) 

The trabecula) of that portion which lies next the anterior chamber and 
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passes into tlio root of the ms (taeni |Mirt of lig pect iridLS) are much finer than 
the remainder (scleral part of lig pcct indn) and in them the elastic fibres 
are nliscnt 

The holes m the sponge are known as the spaces of Fontajm and are in rtla 
tion on the outer side uitli the canal of Schlcmm ind on the inner comnninicato 
with the anterior chamber 


The Vascuuxr lirvic ou Uvfal Thact 
The \nscular tunic consists from behind forwards of the ehoroitl oiliarj 
bodj and iris all continuous with each other 

This contumitj can casil) be made out if the cornea and sclera bo carefully 
dissected off the underlying structures Such a di&section would show a dark 
browTv sphere attached to the optic nerve behind and liavuig a central hole, the 
pupil in front 

On account of the sinnlantj to a grape (U'a) of the dark sphere hanging on 
tlio optic nen e as on a stalk the middle coat of the cj e has recoired the n ime of 
inea or uveal tract (I’uchs) 


Tilt CiionojD 

The choroid is tlie most postenor pirt of the vascular loat of the e^e It is 
the Iminologiie ofihe pia arachnoid and just as the latter si rves to nourish the 
bnin^so the choroiAnourishcs the outer jnrt of the retma It is a thm mem 
brnne, extending from the optic nerve to the ora ser ratg tJint is the jugged line 
where the retina ends It is vtr^ diffiailt to estimate the thickness of the choroid 
for it consists largely of vessels — it has been compared to the corpus cav emosiim — 
and hence diminishes m thickness on enueleation and ns the result of fixation 
But it is tluikcr posterioriv_(al>oHt 0 22 mm ) than anteri orly (about 0 1 inm ) 
anil IS especially tliick in the macular r^fon (Fig 70) 

Its inner surf ice, winch can be examined by removing the vitreous and 
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rctma after opening the eve, g «tinooth and broiTi i On separating the choroid 
from the sclera on the other hand, the o uter su rfa ce of the former is found 
i>e ronph nnd_sliag g\_ 

The choroid is firmU attached to the margin of the optic nerve, and slightly at 
the points where a es«els and ner\ es enter it 

Structure — ^Tlie choroid consists matnlv of Wood vessels, but on either side 
of these IS a non vascular Hver On the outer skIc, le nearest the sclera, is the 
lamina sjipracliorotden^ and on its inner side the stnicturel^s_t^eHi6rane oj 
"Tiruch Tho vescels of the choroitTare classIeaHv desenbed as being arranged 



( 4JUr mmt OA ) 

m three superimposed strat'* — t he largest being nearest the sclera and the 
sm allest, the capillaries calle d the cAorto copiWarjs^_^VTards the retma 

Thus ore maj divide the choroid into fire lavers, which from without inwards 
are as follows 

1 The suprachoro id or lamina fusea is some 10 35 ji in thickness Itconsistsof 
flatten^Tanairi® do clj applied to each other which hwitpotentiil spices These 
become evident pathologicalh when the suprachoroid isulistended wath fluid It 
IS then seen that the lamin® join each other at acute angl e-s at certain points and 
then separate again, ^vahg the whole the appearance of a grill 

The laminae consist of protoplasmic plaques containing nuclei Schwalbe 
taught that these pla ques w ere covered bv an endothelial ]a> er hiniting lymphatic 
spaces but thi» is now held to be verv doubtful (Red&lob) laminie^are 

tightlv adherent to each other around the places where the ve ssels pass through 
them Thev are also more tightlv adherent to each other jiostenorlj than 
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nntcnorh Hence it js in the nntenor jiortion that n detnchment of the dioroid 
iisinlh takes place 

Ihe 1111110 * 1 ? arc tnuersed cnas crowing and annstomo«iing elastic fibres 
The chromatophoros here are more stunted with shorter processes than those 
111 the \essiel lajer TUej are more pigmented iwsteriorlj and mav be poor in 
pigment antcnorl^ The nucleus js alwajs non pigmented The cliromato 
phorcs spread out in the plane of the surface of the choroid and are thus oulj seen 
properU in a fiat section (compare ligs 26 and 27) 

Unstriped muscle fibres are aUo found These are more numerous in front 
of the equator where thc^ tend to form star shaped figures or muscle slari 
On hcpamtuig the choroid from the sclera lliLsla^er div ides, part of it adliering 
to the former, part to the latter It la this fact that gnes the outer surface of 
the choroid its shaggv apjiearanco 
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Thesupnchoroidal sjncecontnins the long andshort ciliary arteries and nerves 
The ncncs break up into smaller and smaller branches, which caentually 
supply the choroid At the jiomts of dntsion of the nerves are placed multi 
polar ganglia w Inch arc probabl> vasomotor in function (Fig 27) 

2 and 3 The Layer of 1 essels — ClaasicnlU this lajer is diiidcd into two 
(«) The la\er of large lessels ( Hallers h \grl 
(J>\ Ihe layer of medium eizcil yesscLs (,Sattlcrs layer) 

But while it IS possible in phtes so to yeparafe fiiem usualh one cannot 
do so owing to the irregularity of their distribution 

riie larger y essels are extemni and tend to dimmish in size as w o go tow ards 
the cliorio capilhris 1 iio iiinennost of them arc arterioles w Inch join the cajnl 
lanes bj oblique brandies and receiye oblique yeins from thenu 

As regards the largo vessels the nrtenes^arc deep posteriorly hut more anter 
(orh they are Buperficial In fact in the greater part of the choroid onl^ yems 
are found next to the lamina fusca 

Die yems are largest postenorh espttinllj m the macular region and where 



THE EYEBALL 


43 


the\ join the ^cn® \ortico'?a3 after undergoing an ampullar^ dilatation No 
choroidal %em is supplied nith lalves 

Tht i S'^romg consists of loose eollageirons-tissue contaiiung numerous elag tm. 
fibr^anil is especiaUj characterised bj tlie presence of pigmen t .cells . or.cli tomato 
phores Thes«e are \anable in number, depending on the part of the choroid, 
the age of the individual his nee and general pigmentation The region rou nd 
thejapticunervo is richest m these cells The chromatophore consists of a bodj 
and processes The bod^ maj be stumpj or elongated and the process long or 
short, or the \\ hole maj be star shaped The cells spread out for the most part 
in a plane parallel to the surface of the choroid and are therefore, best seen m a 
flat section Hence one onlj infrequently comes across a \\ hole pigment cell in a 
\ertical section This is especian\ true of the suprachoroid 

The pigment occurs in the form of rounded dark brown granules smaller than 
those of the pigment epithelium It is found in the bod\ and processes but the 
nucleus is ahvajs free of pigment The cells usually anastomose mth each other 
so ns to form a sjmej tium but maj be found isolated 

4 Cfinno c o nsis ts of capillaries of nide bore (Figs 40 47) 

packed closelj together They n ourtek (he outer part of the retina U nlike the 
other vascular layers, the cboric^ca piUans contains no pigment Indeed, it is 
ob\ 10U9, on looking at anj section of the normal choroid, Ih^l ij more_Pigm enl€d 
i oic<trd &jU-auier-i/ian-t(9-inn*r-Si<ie — 

The chorto capiUarts end s at the ora serrata, ukerens (he other fai/ere continu e. 
on lulo l?ie ciliary hotht^ 

The c^iUarics of the chorio capilKris are much nider than elsewhere and 
show many sn^ikfij:lihtaticms Tlie^ form a n et which_is_ densest le nith t he 
smallest meshes, a t tlicmiacula- Also here the c^pillanes have the mdest bore 
and so e n sure _the richest blood suppl> to the cones of the area centralis To 
\\ ards the periphery the meshes are larger and tend to he more and more elongated 

5 The 3Iembra?ie of Bruch, or the lamina % itrea as it is also called is a thm 
structureless membrane.^ I 5ft in thickn ess, ptaccdliext the pigment layer of the 
retina, which indeed used to be regarded as belonging to the choroid, since it 
remams adherent to the membrane when the rest of the retma is remoa ed or 
detached 

The hmina vitrea really constots of two sheets, the outer /elastic lamina ) 
belonging to the choroid, being mesodermal m ortgm while the mner (cuticuHr 
latnmal is secreted by tlie retmal epithelium and thus ectodermal Normally 
this di\ ision IS difficult to make out, but pathologically and by special stams it 
can be demonstrated (Fig 47) When the two portions separate either patho 
logically 01 as an artefact, fine fibnJs can be «een traversing the potential space 
between them As inll be seen later the layers do separate at the ora serrata, 
and in the cihary body a well marked layer of connective tissue is interposed 
between them (Figs 31, 32) 
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Tt e e>n«<tic Trip^jodcnnal portion when cut, fnlcl*^ up nn<l b ecQiMes_^vav\ It 
(on«i3ts of denseiv imttcd connecti\e and elastic tissue Ihia la coixtmuous 
with the cliorouhl stroim hetween the tapill'inea of the cliono capillans 

It thus comes nbout that in ft flat section of the region tlie blood of cliono 
cnjidlans npj cars to run m channels separated bj islands of conncctia e tis«ne 
(Fig 40) It abo follows from the abore that the elastic portion of the lamina 
Mtrei jnnv be regarded not as an isolated membrnne but as the terminal 
expansion of tlie choroidal stroiim (Redslob) 

rostenorU the retinal (enticnlflr oi protoplasmic) jioition ends with the 
pigment epitheluim wJiilo the raesodcrmnl jKirtion continues inwards to roacli the 
neuroglial border tissue of the optic nerre (Fig 159) or the actual ner^e fibres 
thenisehca (balznmnn) Here il terminates in a recurred end 

Jlm.XTL iAr\ B oda- 

If the ereball is buccted antero posteriorly and the vitreous lens and retina 
removed wo see the choroid cdnr> bodv and uns in continintj 

Ihe choroid as we have seen extends np to the ora serruta — tint is tlio 
rough j'nggcd lino whcio the retina hn^ been tom awaj antefTorU T3e^biid'~ 
this the ciliary bod^ starts _and can be cosilv, rccognted b\ the fict 
i t IS black. _w hcrea’i_th C- choroid is lirown If wc examine the inner Biufaee 
of the ciliar) bodv wc sec that iisuaU^ the part j ust bc.v ond the ora sermta 
IS smooth to (hmUd ei/cand hence ishnown as the i tir^.plrmn op pr/jig»7»^ nhortit 
Under low magnification however one sees thastmiciharis (of Qscii Sehultze) 
ufcihe-(»ra.plann. These arc slight d arl ndpes-which niii panlle l w itli c ic li othe r 
froni the te eth of the on serrota to-tho vaUevT 1 et wee n the tilinrTl^ccssfs 
(lig 28) 

Abo there w often a dark iMvnd just m front and following the indentations 
of the ora errata (hig 28) Tins marks the posterior attachment of the 
zonule of /inn 

Farther forward t)ie inner surface presents nbout seventy lonijitudimljrjdges 
ariouS-sSiCii, TI cjz ridges are the cihery prQceaiiiea>j].nd art li ght er m c olour 
thaii_the,vallcyft--Lctwe£ii_llicni Ihe region in which the^ occur is calkd the 
corona ciliarix * (Fig 28) 

The w hole ciliary bodj forms n rmg whote w idth is » 9 mm on the nai-al side 
and f 7 iiini on the temporal of this the corona ciharis takes abo ut 2 mm 

On sagittal secti in (I ig 19) the ciliarv b< dv is triangular in form vvjth its 
gjiortcst side anterior Tlie anterior side of the triangle in its outer jiort .usually 
enters into thcTorination of the angle «f the aulenoc clvambct, hut may bo cov crcd_ 
by tlio mMi worLof the angle brom about its mnhllo the ins takis origin and 
makes with the remaining j art of Ihe anterior surface an angh, usually quite 
acute which ojens III the posterior thamber (big 19) 

* V r\ m eviva tiaal ««) t»«» i» *if «hc C e ra liating TuUU (Foci 
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Ihc o\ itgiL_bido of tlie tnanglc^corrctponds to t he cilia rv mii'icle and is in 
relation ^ it h thG-EcIera,^e^niirachoroKlal space ho\\e\cr coming betiieentHera 
Tlie ninor side corre sponds to the cilnrj proce«''e‘*^nd_j^jn^ region antenorJj 
iMth the_fU)ros of the zonufe of 7mfr~^icTi arc bathed m aqueous and jioste 
fiorh iMtl^tTio3Jtrcous The equator of the Icm is a bout 0 5 m m fromthecilnrv 
proco *-cs _ 

Structure — Prom uithout mnarda ’nc find the follouing Hters (1) Lamina 
fusca o r supmchoroidal space (2) ciln ra mu scle_^ O) h^er of ae gggls and_the 



Tic '’S — C»i.M«v Bop> 8tsPJ'>soRy 1 .ica»kvt Lens asd OflA Serbata seen rBojf BEur\t> 
\ate that tlo tectli nf the ora Aerrata aro wurat marked on tJ« torapora! s ie trhero cystic 
icgcncrat on ^shonra bv the mottled appcoranco) ts bert (le\o)opod 

Ciliary processes (4) lamina Mtrea (5) epithelium (G) internal limiting 
menibrahe {Alcmbrana limitans intema cibans) 

1 The Lamina fuaca resembles that of the choroid m its posterior part but 
autenoilj accordin g to Eochon DuTig neaud>.t s more of a ^^erous spa ce 

Tins 13 clue to the fact that the lamcUseand muscle stars graduallvlose them 
selreo in the cilnrj muscle so that bejond the middle of the muscle the space 
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usuallj contains neither of the^e At tunes, lion ever, a band does cross this 
anterior portion and prevents it being ia\oI\ed in the common detachment of the 
ciliary bod\ , n Inch nn} occur pathologicalh or as an artefact 

2 .The 'r an antcro posterior section Ins the form of a right 

angled triangle the right angle being internal and facing the ciharj proce-s'ses 
The iKiStenor angle is acute and )wnnts to the choroid the hjpotenuse runs 



Solp lhat iho pibme*it diX's » ot ga lo fl e apex of ll e naan c linrv profVRsps Ifoiico il ov are 
w! «o i» tlw lavwg n p wra in bclwPCH ImwCiLr ajjworVlipfc ea Uk. j gtopnl nacl « to the 
npa-X itiMrrtjmiiimtlmi 

paralltl nitli the srlerotic The form of the whole cilmr;j bod> depends on that 
of the imibclo w Inch consists of flat Inindlw of unstnped mxi^cle_, Jhe^ilermost 
running antcro ]>ostenorK, the inner circularly 

Tte f/iamluduial-I-iLre>tf al«» taIlcd-BruckclfcuuUi>tJe, arinc f roni_the scle ral 
bpiir at the junction of cornea andsclem and nin backwards {Jig 10) It is ths 
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aUa chnenl to ll it cornm uchra uhich tsjh^mam miion betiuen the me al tr act ami 
llif^broiui coat oj the eye 

S ome of the m uscle fibres are lost m tho outcr l avers of the choroid some can 
J^CLtraml into tho Mipracljoroidoa^ns far as, o r e%en beyond, the equator, nlille 
others licntl round and arc said to become continuous with the circular fibres 
These oblique junctional fibres bare Ticc n dcscHE^i ns the~rff?7io?^7^ ilii2a of the 
muscle Tlic radial portion lies within the longitudinal fibrcT It is distm 
cui shed fro_r u.Jhcs&-h\ the_rcticular character, of its stroma, but is very often 
Hifiicult to separate from the circular fibres {see Fig 19) 



Fir 30 — Cii-tAR\ UoEiY {Pars Plana) Avtbro Postbriob Bection 

( I mW $ j-nT^nl « ) 

The Circular Ftbre j ^or Muller s muscle) occupy th e anterior and inn erjortion 
of tTj'iTclli'vrj body ''Tlie> he wathm Bnickea muscle, and run paralleljiith tlie 
margin of the cornea xhe fibres are thus cut transv erselj' man antero posterior 
section 'Ihe muscle of Mtillcr is not present in the new bo m bu t develops after- 
birth Hence it is onl^ after the_fifth , \e ar mth the appearan ce of t his portion of 
the muscle th at tlie.(;iharv-muscle takes onjts tnanguhr appearance (Fucli^ pag^ 
i ng t h rough the muscle are branches o f theJoag4)OStenor ci har} an d the anterior 
cijiarj artenes_whicfi_8upi»liJt i The Yenous return is Ma the cihar ^" processes 
to the choroidal vei ns and partly jtia, the anterior_ciliar \ veins - T he circuhis 
urteno'ius trubs major lies m the ciliarj bodj in front of the circular_portmn of the 
muscle (Figs 19^^ ~ 
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The Stroma oj the Ciliary Muscle — In t>i n InnfrtMiflmnl portion tlie stroma 
form'? th in longijiKli nalJampll fc ^In ch are continuous nitli tho‘=o 
cIi oroTdal spice, fro m^vhtckjngmentjccIls-can.often bejiaced intq_tlie miHcle 
I^thb lndi vl iiqr^ion t h e stroma has a icti cular st ructure, and con'^ists of dense 
c oniicctne tissu e m nhich are found blood \esseh, nerves, and, nijd^pj^ pig* 
inented ejes, a few cliromatopliores ' 

' in the Tir(mlnrrnbc liQli.the~^mna w |ooser, and resembles that of t he root of 
t he ui3, wit h w Inch it is continuous^ 

Tho differentiation between stroma and m uscle fibres comes out aerji well 
with van Gic^'im ’s stain,* the former b eing colournr ^ik , the latter j ellomsli 
green _ TheTtronm is Httle a p parent in the ney, Uirn a nd increasc«r\^th nge 
Jn the o ld it^tend^o liecome sclero'^l and nia\ timlcrgo a lijaline degeneration 
which indeed is tlie fiTte'dfall'tlie connectiie ti-isue of the ciliary bod^ 

The netton of both portions of the ciliavj muscle » to fdjvclv cn th e sus^ w?sor^ 
liga ment o f tho lcn«< This results m decreased tension on tlie capsule of the 
lens, which therefore becomes more coiiacr — os in looking at neir objects 
According to lhomp''On (1012) the longitudinal part of the nni«cle InJes origin 
in tbo epichoroid, and is timerled into the scleral spur Ho holds that it ecorts 
a T unamwo ariion on tl ie_CA nnl of Schl eimiu w hich is responsible for tho drainage 
of tho aqueous from the anterior chamber The puU of the mu«c)o on the spur 
0 |)cn 8 tlio canal and sucks in the aqueous, while the clastic tissue ai-oiind Mill pull 
tho spur to its normal position and thus fend to empty tlic canal 

According to IiraixolT tho eiraitar fib res of Muller a rc much bi tier developed in the h j per 
m^lrepto than m the mv opio ej a Tliwacconls with t(<e fact ilxnt tbo h^ ponn ctTopie e^e has 
to Acconuntxlate more than tlio myopic lie abo pointed out that norrnaV ej ps*innj shoir'^ 
gtcftl iliffinncM u» the nlativaftinouivfrof the t\M> portions ot the muscle 

But Heme showed that if the e>« of a monkey, winch had Ijcenjit ropu^cil before ilcntli 
>>o spc tiono}! lU ciliari imi» clo ha« th e fonn ol ih^hvjierme^opio Ijpi, whorrai an ive 
similarl} troateil with ^yrine liaa a mvopic oiluin >n »»cU 

It n probahio that tho ihflercnccsin fonn of thecihor^ iiiu<5cle (which iircpri")cnt at birtli) 
ilepiiid simply on the length of thcoje, eg tho long myopic rje has n long ciliarj muscle 
llio cihnrv muscle is supplied bv the ciliary nerves Thc“e form a plexus contauung gun 
gUon vclUoiv theevufttcoof tlie mu<w.le Tlie actual nerve endings ore, accortlmg to Agaha 
Ijow, inotor-mrve ending s va ^_ motor iiiilin ps on the vessel wn tls relKidar plates for 
onlinarv s i i^tion , and pdiari^tipnsJorjm»i>nocepti\e wiis e " 

8 The Ctbfir y Procesies — ^Eath eiliara prtKcss is a rulge nom o 2 mm limp 
and (I 5 mm Jiigh wiiicfTl ficco mes wider us wo trace it imtenorly, where iFends 
in^n cxpaii’ion kno wn ns the head of the ttrocc«is Its coIr>ii^l.nlmoet.Hlute, 
wliicli iriakcTit stand out m strong co ntract to tho rteei> jiiginontalion of the 
V allo^ s U tw cen the processes (see Tig^*)) 

If we separate two cilnrj processes, wc sec smaller ridges of various sires 
lietwetii them 

* Alsu wiih Ifallury’n triple iitaiii Mu-aIo fit ns are ksI an I connectiie tusuo bine 
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The cilurj processes consist essentially of blood %esscls (for the most part 
Ncins), the contmuation forwards of those of the choroid with the exception of 
the cliorio-capinaris It ts the most vascular region of the whole eje, and the 
ciliarj muscle takes no part in its formation (Fig 29) 

In the pars plana of the ciliarj bodj the vascular lajer is much like that of 
the choroid with which mdeed it is dircctlj continuous , but it is not so wide 
and there is no chono capillann (Figs 30 and 31) Since also the artery of 
supplj to the whole region passes through the ciliary muscle, the vessels consist 
almost entirelj of NCins which run backwards parallel with each other 

Tlic cdmr^\ processes are cs‘:entiallj a great thickening of the vascular lajer 



continuation of the lamina Mtrca of the choroid, which, however, has quite a 
different structure here For as we trace the choroidal lamma towards the ora 
serrata we find that it splits into two lamina;, Hie outer elastic and inner cuticular, 
bj the time we reach the ciliar> hodj a layer of a\ascular connective tissue 
IS found betw een the two Also the surface, of the inner of the twTi lammse is 
rai«ed into ndges which surround slight-depressions and are called the reticulum 
of Heinndi ^f uller The depressions form shallow sockets for the cells of the 
epitliehum, which thu^efa firmer hold and are better able to wathstand the pull 
of the zonule (I igs 31 32, and 33) 

The. Stro7na of the vascular jiortion of the ciliary bod} resembles that of the 
choroid JBut the chromatophores are not 80 plentiful and mdeed maj disappear 
entirel} m the anterior portion and in the ciliary processes , also the connective 
tissue, in which are found some elastic fibres, i s denser and shows up exceedmgly 
well with van Gieson’s stain 

5 The Bptlh^tttm (Pars cilians retime) — Lining the lamina vitrea are two 
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Iftjers of cells, the outer of which consLsts of pigment cells ami represents the 
for%\ anl continuation of the pigment Ua er of the retina But w here the rods and 
tones cease the cells of the pigment epithelium diniimsli in height ami lose their 



FJO 32 — BLKtCITFD Txuss 
VERSE SrCTlOV OF THL OkBI 
CLtvs CiLiuns (pars feava) 
vEAB THF Ora Sfrrata V 3 >0 


pigment processes The cells become much more pigmented so that tlie nucleus 
is usu ill) entire!) marked * 

The pigment consists of rounded granules, winch arc hrgei ami darker than 
those of the choroid (and retina) Hence the 
ciliary body (except the corona ciliaris) w darker 
than the choroul 

In certain parts, especially in the anterior 
portion of the cihar) processes this layer of cells 
becomes imagmated to form structures which 
may resemble tubular glands (Fig 12) Treacher 
Collins,^ who first de-^enbed them, heliercd 
that they secreted the aqueous 

But these “ glands ” ha\e no lumen, and it i'> 
exceedingly doubtful whether they perform this 
function (iSeo howeyer, p 51) 

Tlio girtfv cihares and the dnrl band m front 
of the ora serrata are formed hy the pigment 
cjiithelnim lieing evaginated into hollows Formed 
by particularly wide meshes of the reticulum of 
Heinrich Muller 

The pigmentation is much less over the ridges 
of the ciliary processes (Fig 2^), resuUmg m 
the whitish appearance of this region 
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The umertno<5t J^jerof the cilmrj bod\ le that next the vitreous, consists of 
non pigmented cells and is continuous at the ora serrata with the nervous lajer 
of the rctma It should be noted, howexer, that these non pigmented cells are 
much more finnij united to the pigmented ones than is the retina vith its pigment 
epitlielmm Hence {jialliological^ deiachmenl of ihe retina stops at the ora serrata 
The non pigmented cells are flattened just in front of the ora serrata Earther 
forwards they are cjlmdrical and over the ridges of ciliarj processes cubical 
It amU be seen later on that these tvo lajers are continued forwards behind 
the iris, and represent the anterior part of the optic cup 

The transition from the non pigmented lajer of the ciliary bodj to the pig 
inented cells on the posterior aspect of the iris takes place near, and not at, the 
root of this membrane (Pig 19) 

The cj^oplasm of the cihar3 cj itheliumhaanttmctedmuch attention Maw os (according 
to Red-jlob) hos^oun I m the^U rerraetdo gran ules, mi tochondnal formations most marked m 
t)ie apical portions of the cell \acnolos containing crjstalloi Is and li poid \esicles Hehasseen 
clmngta in tl o p osition. of_thp niiclcus clinnge>. m its fonn an i chromatin content all 
pharactenstics of stcTGtorj cells After depigmcntation ho finds the same formations in. the ' 
*"pigmenl epithehiim Tlie mifochondna increase after puncture of the anterior chamber 
l^iamieo lias found iron containing granules ut tlie pigment epitlieliurs rrhich makes the 
melanin here unique and probably points to a special function of the epithelium Apart 
from the mitochondria SchmGlt2crhnsdiscovere<l inthecytoplaamofthenon pigmented cells, 
granules whtcli stain blue with indo ptienol All these facts appear to point to a secretory 
,^nctiou of the ciLuir} epitltelium “ 

Howoiver this mav be the formation of the aqueous luunour is still much disputed 
It would seem that the p'^ue ftuul of the cil ory processes which comes from the capil 
IijTipH has the same composition as the tissue fluid elsewhere m tlie body It is changed 
mtq.aquoo(is m its | osssge tlirough the ciliary epithchu/n which takes up eertam of its 
constit uents ^ 

6 The Internal Limiting Membrane (Membrana limitans mtema cilians) — 
On the inner side of the non pigmented epithelium is the membrana hraitans 
anterna ciliaris, the continuation forwards of the mtcmal hmitmg membrane of 
the retma It is a very thin membrane winch is absent over the posterior part of 
the orbiculus cilians 


The Iris 

The ins is the most anterior portion of the vascular tunic of the eje It 
differs from" the choroid and ciliaiyTiodj m being placed in a more or less frontal 
plane It is a thin circular disc corresponding to the diaphragm of a camera 
and IS perforated near its centre usually slightly to the nasal side by a circular 
aperture called the pupil 

This vanes greatly in size under diflerent conditions, bemg for instance, pm 
pomt in bright sunlight and wadely dilated m the dark It thus regulates the 
amount of light which reaches the retina 

The ins is attached at its penpheiy or root to the middle of the anterior 
surface of the cihary body It will be noted that it does not anse from the 
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comco sclenl junction but frirtber b'leb and tint therefore vol only doapart 
of the sekra ACTVAi.'Lx co5iE into TiiE AvrERion cJiAMBtK OP the ntt (seep 105} 

Dtrr AS A KLEE PART OF TJIE C1LTAR\ BODi \S WEIE 

The root is relatueh thm and e\plims the frequencj n ith u Inch it tears an ay 
from the cilmr^ ho(I\ {indo dialjsis) as the result of contusion injuries 

The ins gets thicker ns we approach the collarette which is at the thickest 
j art and then thins again to the pupil 

The pupillary margin rests and is supported on the front of the lens which 
IS farther forwards than the ongm of the ins from the ciliarv hodj The ins 
therefore inclines forwards from its attached to its free margin (hig 19) 

The ms thus has the shape of a cone whose ape\ is cut off at the pupU IVhen 
the lens ts absent ike cone lafiatten&l and the trts becomes tremnhtis 

The iris forms a curtain dividing the space between the cornea and the lens 
into the n«/«nor and po lerwr chambers of the eje 

Macroscopic Apteararcc op the Iris 

The antenot surface o! the ms 

The ciharj rone presents a series of radial streaks running pirallel to each 
other The«o are straiglit when the pupil h small and wav) when it is 
dilated 

If the ins IS stuffed w ith pigment as in the dark races of mankind the anterior 
Burfact appears smooth homogeneous relict^ the structure being mas! cd b} 
the melaum 

Near the pupilkrj margin we find a senes of ndge« which roughh form a 
circle also formed by vessck (namely the circuhis vasculosus indis iiunor •} 

The surface of the ridges is marke<l by a j;«g?Ag line which represents the attach 
went of the pupillary membrane This line called the collarette divides the 
anterior surface of the ins into two zones — the outer, the cthary zone and the 
mner the jiwpt/kri/ cone which often differ m colour 

In the region of the circulus minor an, many pit like depressions called the 
crjpts of Fuchs At these points ns will be seen later the anterior endothelium 
'nwl border liver of the ir« are deficient so that fluid can got quicklj m and 
out of the iris — for instance during contraction and ddatation of tlie pupil 
Similar erv-pts are present near the root of the iris but are small and not seen 
m the living eve This is due partly to tlicir size and i«rtlj because thej are 
concealed bj the margin of the sclem which jirojects in front of them It is only 
in blue eves csjiccialh m children that the peripheral perforated zone liocomcs 
ap|iarent as a dark almost black circle close to the root of the jrts (ruchs) 

In tie new bom neither collarette nor crypts are present Ihe^ develop 
later 


* 1 1 mp \ppMranc««i p IbS 
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At th e pupillary margin there is a fringe of black pigment, better marked 
^^hen the pupil Is small or is throu-n into relief by the white of an opaque lens. 
Under the magnification of a loupe it is seen to have a beaded appearance. 
It re presents the anterior edge of the optic cup {Fig. 34). 

At times when the pupillary zone has an especially delicate structure the 
sphincter pupillas can be seen as a whitish band about 1 mm. in tridth close to the 
pupillar}’ border (Salzmann). 

'■ The inner part of the ciliary zone is fairly smooth, but near the outer part one 



^ees seve ral co ncentric lines w hich become deeper as the pupil dilates.- They are, 
in fact, contraction fu rrows corresponding to the folds in the palm of the hand. 

At the bottom of the furrow there is less pigment than elsewhere in the 
stroma, so that they are best seen in a dark iris w'ith a contracted pupil (Fuchs). 

The posterior surface qrthe iris appears dark brown and smooth to the nal^d 
eye. With the loupe, however, the following fine radial and circular furrowrs can 
made out : 

S^mlhp^ft noniracil an JF nJ/ls axe numerous little radial furrows which com- 
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mence 1 mm from the pupilhrj border wind rotiiul this notching it, and giving 
it its cmiated appearance 

Scku'albe Slnictural tnrroits — so called because thev arc prc'sent in the 
vessel laj cr a'< ■well — start about 1 5 mm from the pupillary margin and narrow 
and deep at first liecorao broader and sliallovver as thej approach the cilnrj 
margin 

The Circular Furrou.&.ate finer than the radial Thej cross the structural 



Fig 3^— Qke&ctsEP SecnON or 1 ms (PGsisitton PoitTioa) 

kvr < frrfm^lon > 


fiirrou-s at regular intervals and are due to the djfTerenco in thickness of the 
pigment epithelium 

Structure — Tlie irts consists from before backwards of the following fire 
Iftjcrs 

1 The antenor endothehum 

2 The anterior lunitmg (border) Kver 

3 Tlie stroma 

4 The posterior membrane 

"j Tlie jiostcnor epithelium 

1 The Anterior Endothehum — MJiile it is pre«ent ns a continuous lajer m 
certain aniiiiaLs it is still disputed whether an anterior endothehum exists in the 
human Molfnim believes that it docs not or at nnj rate onlv as ishnds Itis 
txtrcnieh diflieult to demonstrate and is certmnlv not present in the diagram 
matic vva\ illustrated uv inanv textbooks of onatomj In animals it has been 
demonstrated on surface MOW bj means of silver nitrate 
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'M\ o^vn prepnrationc stained with AWIor^ s triple stain appear to indicate 
that an antenor endothelium is present m the human 

2 The Antenor Limiting Layer (Pigs 19, 23) is realh a conden sation of 
the anterior part of the stroma It consists of a dense matting produced bj* 
anastomosing and intertwanmg processes of connective tissue and pigment 
cells In it are found obliterated bloodvessels and numerous nerve endings 
The connective tissue cells are star shajied have the characteristics of primitive 
mesencjivune cells, and spread out mostlv parallel to the surface The anterior 
hunting laver is deficient at the crvpts and much tlunned at the contraction 
furrow s On it depends the definitire colour of the Ins In the blue ins the 
interior limiting layer is thin, and has onlvli few pigmeiiT cells , m the brovv-n ms 
it IS thick and denselj pigmented y 

3 The Stroma consists of loose * connective tissue containing pigment cells in 
which are embedded the following structures 

(fl) Tlie sphincter jmpJlae muscle. 

(6) The vessels and nerves of the ins 
(c) The pigment cells 

It 13 curious that although the ins gapes readilj when cut it contains verj 
few elastic fibres Lieto VoUaro has shown that they are situated for the most 
part in the posterior part of the stroma and hare a radial direction Some clastic 
fibres are also fouud betw een the sphincter and dilatator pnpilla? 

(a) The Sphincter jiupiUcB consists of a flat bar of intcrtwimng plain muscle 
fibres whose 'predonnnant direction is circular, separated by connective tissue 
containing vessels It is 1 mm broad, forming a nng all round the pupillarj 
margin near the postenor surface of the ms It is denv ed from ectoderm and 
its inner edge comes close to the pupillary 7one of pigment cellTwhicIi gave it 
origin When it contracts it constricts the pupil, and tends to pull thcedgeof the 
pigiiient oil to tlie antenor surface of the ms It is supphed bj the 3rd cranial 
nerve vaa the s hort cihanes 

The sphincter muscle does not lie loose m the stroma tissue Each portion 
adheres firmly to surroundmg structures b\ vessels and bj radial bundles of 
connectiv e tissue Hence after an trulecfomy the portion of the sphincter remaining 
does not contract tip and the paptl can stilt react to light 

There are also two or more definite junctional fibres between the dilatator and 
sphmeter (see below) 

(h) The Vessels form the bulk of the ins v thej nin radialU for the most jiart, 


’ Tlvo stroma acronlms to lucl •> n»av bp alivuled into thrre portions — anterior (inHiidtn}. the 
anti. nor limiting la>er) postenor dcn-<r anil a middki la\er the cleft of I-uelia consisting 

of \er> loose ti*<ue Tlus spongj tissue forms tl e 0oor of tho erj pts It enable^ tlm anterior 
lav er to r!i lo on tho posterior m dilatation and contraction of the pupil The v esst U tend to run 
tilher antenor or posterior to the cleft of tuc! a Tliopostenor lover u les.s dense than the antenor 
3Iere tho connective ti-«. ue and pigment ecJb are attaebftl vcrticalH or obli<]ue)v to the d lat star , 
the> also Kurround the sphincter an 1 are placed rad ally along tho blood ves-seN 
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piring TL^e to the streaks which cnn he seen on the anterior surface Their course 
IS smuous to allow for movements of the iris Thev straighten out as the pupil 
constricts and become more w•l^J is it dilates 

At the root of the ins and near the pupillary margin howoaer there are 
circular nmstomoscs knoim as the Circnliis vasculosiis indis major and minor 
The former is arterial and hes aetuaUj in the ClIla^^ hodv in front of the 
circular portion of the cihata muscle (ligs 19 and 2t) The latter is arterial 
and aenous hence the name citculns orferiosus is not correct 

As regards the origin of the^ a easels the\ ire derned from the long and 
anterior cilnn arteries m the following waj 

The long ciliarj^ arteries — two in number — pierce the sclerotic on the outer 
and inner Bides of the optic nerve The) run in the stiprachoroidal space between 
choroid and sclera often grooving the latter Just bchuid the attached margin 
of the ins each divides The branches so formed anastomose with each other 
and the anterior ciliarj arteries (which come from the muscular vessels and pierce 
the sclera) to form a ring known as the Circiiliis indis major (see also p 50) 
From hero radial branches run tow arris the pupil but neat its edge arteruil and 
venous anastomoses takes place to form the Circulus tn«cK?05«e iruUs mmor 
The nerves arc derived from the long and short ciliaries These follow the 
courve of the corresponding arteries piercing the sclera around the optic nerve and 
running in the sp ice betw een choroid and sclera Some end m the vessels of the 
uveal tract others supply the various intrinsic muscles of the e)e They nr© 
curious in having man) gangliform enlargements 

(f) The PiQviti f Ce}U (chmmatophores) are of tw o kinds 
Tlio^^one t) 7 >e of chromatophor© is a slender cell w ith delicate processes w Inch 
aimstotnoxo witli those of neighbouring cells J'he) are filled with rounded 
pigment granules which maj lie houe) coloured or brown 'Iho oval micleus is 
alwava non pigmented Apart from being found in tJ e anterior and posterior 
lav era around the vessels and sjihincter the cliromatophores form at the cihar) 
margin a close chim umting the dilatator to the surface of tlie ins (Redslob) 

(i) In the neighbourhood of the sphincter pnpilli! and rnrelv near the cilnrv 
border on© finds the so-called clump cells Thoj are rounded pigment cells 
without processes Tlicir jugmont cotSls^of large round and verj dark gran 
ules w Inch rcMimblo those of the cells of the posterior surf vee of the iris from which, 
in fict thev arc vlenved (Flscbmg Lnuber) (tig 10) fiiej often retain their 
pigment m blue and jKirtiaUv nlbinotic indcs and in tliese eases enn lie seen 
casil) with tl e slit lamp 

4 TJ t Poilertor Meinhrane or membrane of Bruch consists of a thin lajer of 
plain muscle fibres which, hi e the sphincter arc derived from the anterior layer of 
the oj tic cup arid hence cctoilcrnia) in ortgm TJiev constitute the Dilatator 
pnpill'C muscle and are reill) the proces es of the sjimdle cells belonging to the 
next la) cr (Fig 35) 
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Clo'sc to the edge of the pupiHhedilat'vtor fuses iththe sphincter also about 
inid\\aj along the length'~of the sphincter the dilatator «ends a few junctional 
fibre's acc^panicd bj pigment (EucJis_spur) 

\ on "Michel “s •spur is a similar bundle of dilatator fibres accompanied 
b\ pigment which is attached to the peripheral border of the sphincter At the 
iris root a third spoke of dilatator fibres (Grunert s spur) runs mto th e in*? 
stroma Tlie dilatator is continued mto the ciharj bodyT^’iS 23) where it 
takes origin- 

M3icn it contracts it drau's the pupillarj margm ton-ards its origm and thus 
dilates the pupil Tlie dilatator is poorli deieloped in the ne« bom in whom 
it IS difficult to dilate the pupil fulh inth a mjdnatio It is supplied bj the 
sjinpathetjciia the cilnrj nenes 

It should be mentioned here that the pre'^nce of these dilatator fibres is denied 
b} man^ As Gr 3 nfelt and others have shown they can onK be demonstrated 
when the iris is bleached The-^c obseraations together nith the experiments of 
Langlej and Anderson put the oi-istence of the dilatator bejond dispute 

o The Pos ttrxor Epitf ehim consists of two lajcrs of cells which are derived 
from the most anterior part of the optic cup Bemg highly pigmented they are 
difficult to make out except m albmotic ejes or in preparations which have been 
decolorised The anterior laj er consists of flat spindle cells the posterio r laj er 
oXlarge poljhedw! or cubical ceils Mith comparatively small round nuclei 

Dilatator fibres are the processes of the spindle cells which have thus only 
partiallj developed into muscle In the other ectodermal epithelial muscle the 
sphmeter on the other hand— -the cell — ^bas undergone complete differentiation 
The pigment granules are dark brown and for the moat par t rou nd but some 
are jod-fth^ed like the retinal pigment in lower maromala (Parsons) 

After linmg the back of the iris the pigment epithelium curls round the 
pupillarj margm where it gives nse to the black frmge which can be seen with 
the naked eye (Figs 19 and 34) 

Just as the pigment epithelium of the retina adheres finnU to the lamina 
vitrea of the choroid in a detachment of the retina so when th^ posterior of 
iJ)e~twD laaers at the back of the iris remains adherent to the lens in thexupture 
of ^p^terior sjoiechia the anterior remains attached to the posterior membrane 

Thus it wall be seen that the ms has fundamentalh the same structure as the 
ciharv body It consists of uveal and retinal portions The u\ eal portion is 
antenor The retinal portion is represented as m the ciharj body bj two layers 
of cells bufhere both are pigmented Here al o the ectodermal cells have become 
metamorpl osed into muscle fibres 

The Colour of the Ins — Most babies belongmg to the white * races of mankmd 

* In the dark races tl e ir ^ stroma contains p gment at birth and hence in the new bom the iris 
IS not blue (Usber) 
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ai-e born amUi blue e^es (I'liclis) Tho reason for this is that the dark pigment 
on the posterior nsiioct of the ins seen through the translucent stroma (nhich as 
^ct has no jngment of its omti) appears blue, ns the \ems (although tlie blood 
m them is of a port-nine colour) look blue through the skin As time goes on, 
jugmont IS deposited in the anterior limiting lajer and tho stroma, and, \ar) ing 
nith the amount so laid down, the colour changes If little is deposited, the e>e 
remains blue or gre} — if there is much, the eje becomes bromi 



Fio 3r— Tiie (iLonr or Tin- r>E most luiiisn 


To *hf>« the attacJiinent of the ohliijiie inu>M-l<>M nrul optM none Al«i* the point'* of entry f f 
the postenor cilmrj nrtenen snil nenen and Mil of the ^enre \i>rlic(vo Note that the mibnor 
nbli([uo i4 fleftliy aliiicwt lip to itii insertion aiul llmt the \env \«rt(co.-M! npi far to eonvergo towar U 
a roinmnn trunk 

The CiUAn\ Arterifs 

The cilinrj arteries eompniie 

(1) The short )Wstenot ciharj nrtenes 

(2) The long posterior ciliarj artenes 

(3) The antenor ciliary artenes 

Tlie>c supplj the w hole of the u\cal tract the sclera and the edge of the cornea 
Mitli its neighbouring conjuuctna 

(1) The Short Postenor Ciliary Artenes. — The irostcnor ciharj arteries usually 
come off tho"* ophthalmic as t«o tnmks while the artcr) la still belou the optic 
ntrre Tho«c divide into «omc 10-20 branche-. mIikIi, rumiiiig forward-*, sur- 




Fia 37 — ’Tfts Btoov Som,\ or tme E^e [FromLtler) 
I = branch of short postmor tiiiary arteiy to the optic ner% e 
I = anastoraoeea between choroitlal and central veiseU In the 
case of the artery this is capillary only 
e = vein from cihary miisela to vena \ortJCO^a 
( = branch of antenor ciliary \eio ftora ciliary muscle 
0 == recurrent artery 
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round the ner\e und pierce tlice\ehnll mound it The niajonU of these consti- 
tute the short po>tenor c^llar^ arteries Mhile the two uluch pierce the sclera to 
the inner and outer side of the nene rospectirclj are called the lottg cihartj 
ortencjft 

TJie nnjonti; and largest of the short posterior cihanes, after giving branches 
to the sclera, pierce it (the sclera) m the region of the posterior pole of tlie eje 
(and macular region), 1 e lateralto the optic nerve (Tig 30) A smaller number 
and of smaller size pierce the sclera all round but closer to the optic nerve The 
canals in the sclera through winch the\ pass are almost directlj antero posterior 
The space left free is filled with loose tissue which is a prolongation of the supra_ 
ciioroid Some of the short 
cihincs anastomose w ith eacli 
other to form the circle of 
Zinn (sec p 00) w Inch goes 
to supply the optic nervc_i.the 
papilh and the neighbouring 
retina 

(J) The T wo Long Pos- 
terior Ciliaxy Arteries —The 
two loiilj posterior cilfarj 
arteries (nasal and temporal) 
pierce the sclera on either 
sidiTof the optic nerve somo- 
wliat farther antcnorl^ than 
tlie short cilnnes Each 
msi.ea tliroiigli the Bolera in Casaiid, ihf Lom. 

— , . , POSTBRIOR CILIARY ARTBR^ AVB NeRYE 

a canal some 4 mm long v . .u . i ^.v 

° Note the acconipanving nerves ami \Mseli The veins are 
This canal runs outw ards, at fioleral vems eml Jo not correspond to the Jong ciliary artery 
first vei^’ obliquely, then 

Tiends forwards at 4S® to reach the interior of the eje more rapidly (Redslob) 
Each artery is accompamed b) a cihaiy nerve which later enters the choroid 
The mouth of the canal vs very wide and maj contain in. addition to the above a 
few short ciliarj artenes, and artenes, nerves, and veins to the eclera (licber and 
Figs 76, 38) Thespaeeleft free m the canal IS filled with loose connective tissue 
The canal gets narrower as we trace it forwards, but widens again slightly at its 
antenor end w here it terminates jn a sharp border The arteries reach the supra- 
choroidal space and m it run forwards in the honzontal meridian on either side 
Theircourse here can be followed qnite easily from the outside became, owing to the 
translucencyofthe sclera, they appearasdarkhnes(Fig 30). Withouthavmggiven 
offanj branches thej reachthecilnry muscle, where they divide into two branches 
■which enter the substance of the muscle and at its antenor end anastomose wnth 
each other and w ith the anterior mliaiy artenes to form the circulus indis major. 
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(3) The Anterior Ciliary Arteries — The antenor ciharj arteries do not come 
dircctl) from the ophthalmic hut are derived from the arteries to the four recti 
mu'^cks from whose temions ihej emerge Usuallv two attenes emerge from 
each tendon excejit tint of the extcmil rectus from which onlj one comes 
The«o artenes pass anteriorly in the opisclera give branches to the sclera, comeal 
margin and conjunctiva amt pierce the sclen not far from the comeo scleral 
junction the spot heiiig not mfroquentlj markeil hi pigment 

llie canals tlirough which they pass run almost ilirecth inward^ 

The nntenor ciliary arteries enter the ciliary muscle then anastomose with the 
long postenor cihancs to form tho circulns indis major (see also below ) 

The ^ HNS oi- nn Ciiunv System of Vessels 
(!) The Venee Vothcosaa (or poRtenor cihary veins) xieually four m numlier 
(two siijicrior and two inferior) pierce the Rclcm obliiiuely on either side of the 
Rujicrior and inferior recti muscles nome C mm behind tho equator of the globe 
The superior veins leave tho eye farther hack than the antenor while the outer 
veins tend to bo nearer the mid vertical plane than the inner The superior 
lateral vein is tho most posterior (8 mm behind the equator) and is in close 
relation tothetcmlon of tho 8Ux>erioT oblique (Fig 30) The inferior lateril rein 
IS the most anterior (3 5 mm behind tho equator) Often there are more than 
four veins 

At times especially m mropic eyes thev may leave the globe much farther 
back, even close to tho optic nerve 

Their passage though tho scicm is ns oblique as that of the long posterior 
ciharv arteries The canal some 4 mm long is directed postenorlv and towards 
the mid vertical plane of the eve so that the four veins appeal to converge 
tow anls a common parent trunk (I eber and I igs 17 30) Tlieir course m the 
canals can be follow ed from outside for ow mg to tlie transhicencv of the sclera 
they npiiear as dark lines Tlie veins may divide in the canals so that the emer 
genev vessels may numlicr six or more At its choroidal end tlie vein has an 
nmpulhfomi dilatation 

Tlio two sujierior ven® vorticos® open into the superior ophthalmic vein 
either dirtctlv or vna its muscular or lacnmnl branches 

iho two inferior veins open into tho inferior ophlbahnio vein, or into tho 
anastomotic branch tins gives to the supenor ophthalmic vein 

‘ Tho recti muscles art not in contact with the exit of the v en® v orticos® but 
according to I uchs and t\ eicbcJIntim it is quite possible that tho two oblique 
muscles mav at times compress the two outer veins CbjMJCiaUy the lower of these 
Tina 13 esptcmlJy liable to occur when the eves arc looking downwards and during 
convergence Tlic stasis so prwluccd mav pla\ some part in tho increase in 
ravopia as the result of near work 

Sn Ixlicr fa Gmtft Sa€mi*ch li parts 
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BeU\een the vein 'ind the sclera is a lymphatic space v\hich is filled -mth a 
prolongation of the suprachoroid After its exit from its canal the walls of the 
vena vorticosce become much thicl er and develop a well marked musculans 

(2) Small branches from the sclera correspond to the scleral branches of the 
short ciUarv arteries Thej onij carrj blood from the sclera — none from the 
choroid — and are therefore smaller than the corresponding artenes 

(3) The anterior Cihary veins are like the arteries tributaries of the muscular 
\ eins Since thej onlv carrv blood from the ciharj muscle thej are smaller than 
the corresponding artenes 

Thus it w ill be seen that the artenes and veins of the ciliarj system of vessels 
do not correspond either in their number in their course or m their method 
of branching "Moreov er veiy often the arteries are larger than the vems which 
IS unusual elsewhere in the bodj Also the vems like those of the retina have 
no V alves 

The Blood supply to the Uv’eal Tract 

With regard to its arterial supply the uveal tract is divided into two more or 
less distinct parts 

(1) The short posterior cilianes supply the choroid 

(2) The long posterior ciliaries and the antenor cihanes supply the ins and 
ciharj bod) But the anterior part of the choroid is suppbed by the recurrent 
arteries and those anastomose with the short ethanes 

Tlie venous return is quite different being via the vena vorticosfe for 
practically the whole uveal tract The anterior ciliary vems only cany 
off the blood of the ciliary muscle These two systems of vems do com 
mumcate This is seen in the comiiensatory changes in disturbances of circula 
tion Thus for instance m glaucoma in winch the outflow of venous blood 
through the vcn» vorticosaj is impeded we see the antenor ciharj veins taking 
on their work and carrjnngoff larger quantities of blood than usual 

The Artenal Supply of the Choroid — ^Tlie short ciliary artenes after pierang 
the sclera he at first in the suprachoroid surrounded byjngmented tissue Thej^ 
pass forw ards maw avj manner and then gradually penetrate the choroid They 
divide diciiotomously and eventually break up into the capillary network or 
chono capiUans The larger branches reach to the ora serrata The arteries in 
their course forw ards are much straighter than the veins which are very wavy and 
hence are cut more often in sections which makes them appear much more 
numerous than tliey really are 

The number of vessels in the xnacalar region is much greater than elsewhere 
so that here in a well injected specimen an almost inextn cable mass of vessels of 
vanous sizes is seen which mucli resembles the corpora cavernosa The reins 
certainly do anastomose freely but the artenes rarely so that the apparent 
anastomoses of arteries that one sees with the ophthalmoscope are usually due to 
the crossings of the vessels since the walls of the latter are invisible 
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Iho anterior pirt of tlie choroid h supplied the recurrent alxary arteries 
riie^e arise in tlu cihar\ bocU from the circulus irulis major and from tlie long 
posterior ciharj and anterior ciharj nrtcncs lieforc tlie^e ha\ e been joined to form 
thccircle Of^ arming number {10 20)amlsi7e the\ run Inchuards between the 
numerous jiaraUel ^ eins of the orbiculu^ ubans Tlit} dn ide dieliotoinousH and 
break up into tlie chorio cajulians of the nntonor part of the choroid and also 
nnastomosi with tlio short postciior cihnnc<s Tliesc ainstonioses are the onl^ 



tie 31 — iLAf sFctiov or tiif CiioKm at 

TltP^|ACllA(7l'SKU{ MALUnv STRirW I.TAIS) 
TO SHOW \NAST MOSISC CHOBOIPAL t FINI 


Sot<> tint Ihn nrCsn n Iuiap n h II J aHoiwsI 
I ixr liar 4 An I (ft nrulb tl ckir nnlU tl ait tl 


Gives between the arttnes of the choroid 
on the one Jiand and the ciliarv liodj 
and ms on tlie otlier (I ig 37) 

Thechono cajn//aii«c\temU asdoes 
the choroid from the ojitic nerve to the 
ora Fcrrnta 

The Artemi Supply o! the Cilmry 
Body and Ins 

The recurrent aitenea and the 
artencs to tlie ciliary muscle arise from 
the circtilus major and from the long 
jHjsterior cilnncs and anterior ciUancs 
before these have muted to form the 
circle riie^ ma\ formaaecondartennl 
circle in the ciharv muscle called tlie 
circulus arteriosus muscuhis ciharis 
(Jxbcr) 

The circulus iridis major lies not as 
its name implies m the ins but m the 
ciharv hcxlj in front of the circular 
jKvrtion of the ciharv muscle (Figs lb 
and 23) The artencs of the ciharv 
muscle consist of a great number of 
ortencs vv Inch div ido dicliotomouslv and 
break up into a faicl^ dense capillarv 


net which differs markedly in appearance from that of the ciharj piocc'-sos 
The arteries of the ciharv processes oorac from the circulus iridis major often 
111 common with those of the iris hach cilinrj process usually receives one 
nrtcrv hutahrgorhrnnch mav Mipjih two oreven three neiglibounng processes 
These arteries like those of the im pierce the cihan muscle Tliej enter the 
ciharv process nntcnorlv and soon break tip into numerous brandies which 
ninstomosL with eacli other ami bieikiip niton dense netvrork of wide cipillnrits 
which form the mam miss of the eilrnn pniccsscs Jrom these tome the veins 
which constnntlv nnastonio«mg with each other pass backwards to the vein 
>ortic<>sa licing jiHced to the inner Ride of the eiharv m«sclo(big *30) 
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The arlene^ of the tns come from the eirculus major as numerous branches, 
often in companj \Mth tho«c of the ciliar\ j)roee3«es They enter the ins at the 
site of attachment of a ciliarj proce«, nsnall^ se\eral to each process (Leher), and 
m the mtcnals between the jienpheral erjpts Thej run with occasional 
anastomosis radialU from the cilmrj to the pupillarj margin With the pupil 
small their cour'e is more or less straight, but becomes more and more wat'y as the 
pupil dilates The} ha\e, hUe the veins, thick nails in compan''On with their 
calibre 

Dunng life the branches of the ^es•»els are seen as radial streaks umted here 
and there with each other , more viMble m the blue ms, Ie«s so in the bromi 
where the} can onh be made out in the ciliar} portion and not at all in the 
densel} pigmented indes of the coloured races Onli in albinohc e}es js the 
blood column M'lble and eien here onl} ver} shghth At the colhrette, which 
marks the place where the fretal papillar\ membrane was attached afew anasto 
moses take place (These, w ith the corresponding i enous anastomoses, make an 
incomplete circle A circulus arteriosus indis minor therefore does not exi«f 
An attempt at a circulus vasculosus onU is present ) The majority of the vessels 
pass direct!} to the papilhr} margin where after bre.iking up into capdlanes, 
the} bend round into the commencement of the veins 

There is a dense capillary plexus around the sphincter and another le'*8 dense 
in front of the dilatator The capillaries form a loose network in the ciliary 
region and are but little in evidence, or absent, m tlic anterior limiting h}er 


The Veins of the Ui e<e Tract 

The \enffi vortieosa: dram the blood from all parts of the choroid Xo veins 
leave tJic e} e in tlie region w here the j»o»tenor cibar} arteries enter (eveept i ery 
rarel} m inaopic eyes) The small veins from the optic nerve head, and some 
times from the retina, also join the choroidal veins The stems of the venie 
a orticosa? undergo anipulliform dilatation just before tbej enter the sclera The} 
are jomed b} radial and curved branches which give the whole a vthorl hke 
ajipearance — apparent on the outer surface of the choroid even in. umnjected 
sjiecimens It is this appearance rrluch is responsible for the name ven® vorti 
cos® Of the branches, which dram the postenorpart of the choroid those that 
come from the region of the optic nerve are longest and run more or less directl} 
to tlie Ten® vorticos® The more tliey enter the vein from the sides, the shorter 
and the more bent are tbev 

The anterior tnbutaries of the vorticose veins come from the ms, the cihary 
processes, the ciliary muscle, and the anterior portion of the choroid 

The veins run parallel with each other in the pars plana and then at the ora 
serrata turn obbquely towards the corresponding vena vortieosa, taking up 
branches from the choroid as they do so 
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The \ejn3 of the ciliarj muscle mostU Imsh hacknnrds to join the jnrallel 
^eins coming from the ciliar\ processes A fe« ho\iCAer piss foniards and 
pierte the sclera to jom tlie antenor cilnrj veins 

Theieins of Ihe cihnri/ proce$iet piss bickwirds ns a senes of parallel anasto 
nio«»ing a essels in the pars plana to the inner side of the ciliarj muscle to reach 
the choroid and join the acn-e \orticosaj 

The tans of the iris run like the artenes anastomosing with each otiier 
Arn\ ed at the ciliira border thej enter the ciliarv bod\ and join the veins of the 
cilnr\ processes so passing to the 161105 vorticosic 

Structure of the Choroidal Vessels — The arteries show a m ell developed 
jnuscularis with an adientitia undo up of fibrillar 
collagenous tissue containmg thick elastic fibres 
According to Wolfrum the arterioles possess mus 
cular fibrils witli long processes which surround the 
icssels 111 e the tentacles of an octopus 

The adventitia of the vessels is more or less con 
tinuous with the stroma 

The tetns hare a ponvoRciilar sheath outside 
which there is an adixiititia of connectue tissue 
The cuptllartes of the chono capillans are char 
actcri ed b> their size WJiercas m an ordmarj capil 
lary there is hardly room for one red blood corpuscle 
to pass at a time hero there is room for several (Tigs 
40 and 47) Thej consist of tubes whose walls are 
tio 411 — Flat srcrios or formed of endothelial cells According to Uolfrum 
tur CnoRio wuiLAnts ^1,,,,^ towards the Bide of the 

SfltcthoHini Uoffounettivo retina I c not to interfere with their permeabihtv 111 

t vnin (slain nt; UeriAcr nt wo . , . i . xi t i 11 

p np» cry than the centre) t^is direction , but this has been denied 

hctHccrt tie MrramA of cor Scliah devcnbcs ccllt of Bouget (pericj tes) around 
P iscio^ in tl B capillar ca j},e capillanes These cells have contractile powers 

nml mnj help to regulate the blood supply, especially 
to the fovea wliero thev are particularly numerous 

Towards the rotma the cajullanes are bounded by the lamin i vitrea on either 
side bv connective and elastic tissue continuous with it and so also towards the 
outer side In this tissue endothelial cells but no pigment are found 

The Structure of the Vessels of the Ins — ^Tho vehsels of the ins are classicalh 
descnliod as having an unusually tliick adventitia of almost hyaline appearance 
Ihis i> only pnrtlv true and is the appearance given by stains such os hainia 

toxvlm and cosin etc The adventitia is certainly thick but if 'Mallory s 

coiiuective tissue stam is used a much more accurate idea of the real structure 
IS obtained 1 he ndv enlitia inav lie more or less uniform or may be thinner m its 
inner jiortion Most tv picallv however, the vessej api>cars to consist of two tubes, 
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one within the other. The outer h the adventitia jirojior, staining deep blue, and 
made up of very hue connective tissue fibres, nliile the inner consists of the 
essential blood channel that is the endothelial lining, to 
M Inch arc added, in the ca'C of the arteries, muscle cells and ^ ^ 

elastic fibres. Between these is a relatively Urge space 
(Figs, 41, 42) filled uith a gossamerdikc tissue to uhich 

one AN ould call especial attention. A spate of this size in ^ 

this position is, one thinks, unique, for it is alisent in the T | 

vcs>.els of the ciliary ho<ly and choroid, and so far as one l j 

is aware has not been dcscrilicd elsewhere in the body. | ' IM mfjj A 'J 

The space is. m tbc first instance, no doubt associated ^ 

with the constant concertina-like movement of the iris in ' 
dilatation and constriction of the pii]>il, and thus with ' i 

the rcf>eatcd straightening and urinklmgof the iris vessels. * 

The outer .adventitial coat is continuous witli the iris 
stroma, and as IVolfrum points out is really part of, and ^ Tiuss Sbction 
therefore anchored to it. Such an arrangement, by which "s AnTEnv or tub Isis 
the inner tubo is Rcparatcd from the outer by a space, and (ZrsxrB srAiionY’sTMptE 
where the outer is anchored to the loo«c tissue of tiie ins > 
stroma, makes for the greatest freedom of movement of the two tube* onii 

the blood current and (he least hkclilioodof its becoming * * "uufwJ 
blocked through kinking. 

The arteries and veins are distinguished, not by the thickness of the adventitia 
which is proportional to the size of the vessels, but by the structure of the inner 




Vm . 41. — Tiuss. Sbction 
Of AS AnTEny or the Isis 




CG ANATOAIY OF THE EYE AND ORBIT 

tube Tlii'i IS much tlucl er m the cnse of the ortenes Vs opposed to n very 
tiirrent mcw, the arteries ate proxuled Mith a media consisting of circular 
muscle fibres (cells) mIucIi according to Wolfram can be followed to the tnpil 
lancsnnd eh«ticfibres m the uitiniawliich reach almost as far In the artenalwall 
projwr one recognises three Hjers of cells (1) the endothelial cells lining the 
acsscl Mith nuclei whose long axis is that of the \essel itself, (2) the muscle 
cells with nuclei at right angles to these , and (3) outside these again and lining 
the spice between the inner and outer tubes are pile staining endotlicbal celU 
{Fig 42) (In the case of the eipillmes Schah has demonstrated darl er staimng 
cells of Rouget alternating wnth these endothchal cells ) 

As stated abo\e, the space botweeii the inner and outer tubes is unique in its 
size and width, but it corresponds in position to the jicnvascular l^THplintic spaces 
of the retinal \essel 3 and to tho \jrchow Rohm spaces of the cranial >essels 
These abo are lined on their inner side b^ endothelial cells It seems there 
fore that the space described aboxc in the iris xcssels abo probablj acts as a 
lympliatio space 

Thf Nerxes of the Ciliar\ Bodv 

The«e come from the long and short ciliary nerves which accompanj tho long 
eihar) arteries Tiioj form a plexus m the ciliary muscle The fibres which are 
at first mcdullated he between tho muscle fibres At each bifurcation is n tri 
angular thickening from which innumerable fibnls pass 

‘'onsorj fibres are found and recognised bj their club shaped endings Vaso 
motor nerxes arc also soeu The) arc not mcdullated and surround the xessels 
of tho ciliar} processes 

Tjib Ker>>s of thf Iris 

The nerxes, which are xerj numerous come from the ciliarj plexus Almost 
all are non m>ebnated but possess nuclei of Schwann Thej form various net 
works There is one m tho anterior limiting layer which ronj be sensorj m 
function Another forms around the xesscis A tliird is seen m front of the 
dilatator From this plexus the nerxe fibnls which emanate are so numerous 
that each mjo*epithehal fibre is thought to receive its oxvn none fibre Tlie 
fibnls terminate at tho muscle fibre bj end feet xx Inch are often endow ed w ith little 
refractile spherules from w Inch in turn numerous \erj fine fibnllse pass (Redslob) 
riicrc IS also a network around the sphincter The nerve fibrils jicnetrate tho 
sarcoplasm and end in a loop or nng (Boeke) 

The innerx ation of the sphincter seems to be in sectors xvhich explains tho 
xermiform inoxtments of the pupil 

Tire RmvA 

The retina is the innermost or nervous tunic of tho eye It is a thm membrane 
which m the living is quite transparent and of a purplnh red colour, due to the 
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\isual piir^^ of tlie rods Soon after death, however, the retina becomes white 
1vnd opaque and the visual purple disappears under the action of light 

If a section of the ej e be made through the equator, the vitreous removed, and 
the xKisterior portion oftho retina becxanimed a'^mallwhite circular area I 5mm 
in diameter w ill be seen 3 mm from the posterior pole of the eye This xs the 
optic disc, and is the point where the nerve fibres of the retma pass through the 
lamina cnbrosa to become contmuoiis with the optic nerve, and al«o the site of 
entr^ of the central orter^ and vein of theietina 

A depression is seen in the disc, which varies somewhat m position, size, and 
depth It is known as the jiliysxologtc al ewy (Figs 17 03, 157) 

It wnll be noted that normalli the nerv e head is quite flat '■ and m a plane wnth 
the retina It does not form a projection mwards towards the vitreous, and so 
the name " papilla ls a raLsnomer Bnggs, who gave it this name m 1GS6, was 
no doubt describing post mortem material m which a swellmg of the disc is 
normallj present Such fixatives as Zenker acetic too,ma\ produce a sw ellmg of 
the disc as an artefact 

Another small area of great interest can also be made out practioalh at the 
posterior pole It is sbghtiv jelJow * in colour, hence is called the Macula l utea 
In the centre of this area u a depre<^ion_kiiowii as the Fovea centraUs--thejgomt 
oTmost acute vision 

If we attempt to separate the retina from the choroid, we find that the retma 
proper ls attached only at two regions, namelj , around the optic £ise and m 
front at it sjlentate termin ation, the or a serrat a, wh ich extends farther forwards 
on the nasal than on the temporal side and above than below 

The pigment lajer of the retma remains adherent to the choroid all the way 

Structure 

The retma derived from the optic cup is rcallv part of the hram arismg as a 
hollow outgrowth from the fore bram The optic nerve, therefore, is not a true 
nerve, but a fibre tract connecting as it were one part of the bram with another 
The outer wall of the cup forms the pigment layer of the retma, the inner wall 
givmg rise to the remamder 

This ts ihe reason uhy disease tn the brain so often runs parallel mlh that of the 
retina , a good example of this being seen tn arfeno«clero«s, uhtch so often affects 
both almost equally 

The retma proper consists essentially of the nuclei and proce^ises of three 
layers of nervous elements placed one on the other, and forming synap^ies at the 
so-called molecular zones 

They are 

1 The visual cells (rods and cones) 

I See Uolffand Diviea, Bnl Jevrn Opkth Aoveraber IMl 
* Seo later, p 93 
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2 The bijKilar cells 

3 The g'vngbon cells. 

The visual cell with its nucleus and process w homologous with a sensorj cell 
in the skin or elsewhere 

The nucleus of a bipolar cell corrcs|Kntd3 to the posterior root ganglion. 
Its distal process to the pcriiihcral nerve while its central process corresponds 
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to the fibre in the posterior columns of the spinal cord Tlic ganglion cells 
the first offlieir kiiuf m the Msuaf path are the Aomorogucs of cefl's m the 
gracile and cuneato nuclei of Goll and Burdach, the first cerebro spinal cells in 
the patlnvaj of the sense of touch and sense of position 

1 he M hole retina IS usually described as huingtin lajers, uliich from inthout 
inwnnls are ^ pigment epithelium 

2 The lajer of rods and cones 

3 Tho c\ternal limitmg membrane 

4 The outer nuclear lajer 

5 Tlie outer molecular (plcxifonn) lajer 
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6. Tlio inner nuclear layer. 

7. The inner molecular (plexiform) layer. 

8. The ganglion cell la)^. 

9. Tiie stratum optiewm, or nerve fibre layer. 

10. The intcnial limiting mombrano. 



Fio. 43a — Vfrtical Svcriov or RirrtNA. IlIicno.rnoTooaAFH.) 


1. The Pigment Epithelium o! theBeUna. — the eyeball be divided antero- 
posteriorl 5 * and the vitreous and retina removed, the pigment epithelium is seen 
as a continuous browTi sheet extending from the optic nerve to the ora serrata, 
contrastinginarlcedlyincolourmtbtbeblackof the pars plana of the ciliary body. 
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In the macnlnr region liowevcr, a darker area about tlic sire of the di-^c is seen 
E% cn under low inagnification it is seen that tlie colour of tlie pigment cpithe 
hiiin is not uniform there is a fine mottling due to the fact tliat the cells arc not 
eqimlli pigmented Tin-' is responsible for the granular appearance of the 
fundus as scon with the ojihthalmoscoi»e (Silzmann) 

\\ itli the ophthalmoscope also that is under a magnification of 15 times, often 
a finer mottling still can be made mil dno to the pigment in mch pigment cell 



Aofr — T1 c tone* ooRlit to reacli (lie j ijani nl p| itlielmm 

tending to collect at the penpherj of the cell Icaamg the central nude ir jiortion 
relatueh free (see tig 45, and p 103) 

The pigment epithelium consists of a single lajer of cells which is firmh 
attached to the membrane of Briich, but onij loosclj to the rods and cones So 
in a detachment of the retina, jt remains adherent to tlie clioroid witli winch 
therefore, it is often desciibcd Enibr^ologicall^ , howe\tr, it belongs to the 
retina licing deiclopcd from the outer portion of the optic tup Viewed from 
tilt f'ldt each pigment cell is oblong some 12-lS long and some S g.hig1i Viewed 
on the flat the cells are placed together bke fingstones "} he> arc most often six- 
wded Hence the h\er is often referred to as tho hcangonal ejnthehnni, hut one 
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finds cellshaving anj'tiung from foHrtoeightsides Also looked at in this vaj the 
cell margins appear as clear stripes due to the cement substance betv-een the cells 
(Fig 45) This cement substance not onl 5 separates* the cells from each other but 
al'O caps the dome of the cell ■which is the part adherent to the membrane of 
Bruch It thus comes about that, taken as a ivhole the cement substance of all 

Fio 4S — PiciirsT Epmi 
rut M or THE TIolan Retina 

{Max Sfhultie Troin Quaina 
'inrilonij %ol 3 pt ii p 40 ) 

(a) Sorfa{*e > len (b) Tiro ceJh 
«een in profile trilh Tup ofL-tett 
extending inwnnJ-i (c| V cell 
stiil ui connection with t ho outer 
ends of the rort-i 

the pigment cells has the form of a mould used for making bricks This is open 
towards the rods and cones The backs themselves are represented by the proto 
plasm etc of the cells The free edges of the partitions between the various 
compartments of the mould consist of a denser lajer than the remainder and form 




Fio 40 — FlatSbotion 
op the Piomevt Layer 
OP THE Betina- 
Note that the pigment 
u much denser at the 
periphery of each cell 
feanng the central nuclear 
portionalmostfree ttnd<w) 
eppean as a network 
This pattern can at times 
be made out vnth the 
ophthalmoscope (see 
p 103) 


the membrane wluch Verhoeff described in 1903 as being homologous to and 
having the same staimng reactions as the ertemal limiting membrane of the retina 
This membrane, in sections stained with Mallory s phosphotungstic acid h-ema- 
iox>lm IS seen as a. broken Ime thickened at the points of junction of the cell 
boundanes In a flat section it forms a net the holes of wlueh much larger than 
those of the external Iimitmg membrane are naturall 3 hexagonal and of the same 
size as the pigment cell (Figs 47 48) 

* Some hold that the cement sulwtaricBi's deficient at the side:) towards the dome and that there 
fore the pigment ep the] al cells form a ayncytium 
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Following Angelucci we mij divide each pigment cell into the dome tholnse 
and the pigment processes 

T) e Dome is tl e portion towards the choroid It is almost cleir of pigment 
contains the nucleus and probabh also small droplets of Iipoid substances 
Tlie nucleus IS oval some Tp in length with its long axis parallel to the membrane 
of Bnich It IS i>oor in chromatin Ihe nuclei appear to be of two kinds since 
some stain blue with Unna s epithelial stain while others stain red (Ogucht) 



Fi« 47 — •% rnTicAi, Sfccjov or thv Ourm Taut or "n f Rirtivi. am* Ivvr Tart of Ciiqrou 
(ZenXCI I lOSP OTl s«i If FM ) 

Not** tlist lo thi» r pht of tho fgun* sn J in (I e centit % 1 fw the me nl mne f IJruct 1 aa bceon e 
Artificitllj ietnehet! from iho p p ent ep tl 1 m la J «l nature a elearlj vee Notealao \er 
J oefTa mom! rano 

4 la « » a m > 

Tfe Ba^e of the cell contains pigment and from it the processes project like 
bristles from a brush 

jT/c Pt^/eni Proc^sM lie in the interstices between tiie rods and cones 
liOng in Rome animals reaching to the external hmiting membrane in frogs for 
instance the processes are short in tl e human being onU 5p in length and do 
not extend farther than tl e junction between tl c inner and outer portions of tho 
rods and cones Alorcover tl e contractile pro|H;rtics pccn in nnipl ibia have not 
been defimtcla prosed for iiiaTOmaha Tlie pigment called Fnsem bj Kuhne is 
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brown m colour It is present in two formal rounded granules and sjnndles 
about 1 5 |i long 

The rounded granules arc found in the ba^cofthe cell Tlie spindles are found 
in the processes Their clongatcnl form wliicli makes them different from the 
pigment of the choroid, ciliara bodi.nnd ins, immedintolj stamps ani pigment, 
for instance m pathological proccsse«», ns retina! 

ruscin difTers from the inclanm of the choroid in its greater resistance to heat 
and chemicals It is houcicr, morccasih affected b} light which bleaches it in 
the jircscnce of acid Under the ultra microscope the round granules are deep 
reddish brown , the spindles, light jelloujsh brown 



Via — t LAT (AtMOST IIOUITOVTAI.) SECnON «r TUP r»r»E\T EPITUmiJt OP TUP R^m^A TO 

8IIOW ‘NmiioPFra Wejidravj 

At the macula the pigment cells nrc liiglicr f 1 l-)4u) and narrower {9-11 jr), 
hence the darker colour of thi-> region 

Near the ora aerrata esccptionallj large cells, some nO[i m diameter, occur 
The_> maj ha% c scs cral nuclei Here there are often changes like those w hicli 
occur in mild choroiditis partly a disappearance, partly a hjperplasia of the 
pigment epitlielium and a fusion of it with the retina (Saizmann) 

At Ihe optic nerve the pigment epithelium docs not reach quite as far as the 
memlirane of Bruch Tlie terminal cells niaj bo somew list depigmented or may 
be heaped up In this case thej form the wj called “ choroidal '* ring at the edge 
of the disc (Tig 9J) 

2 The Visual Cells, i o the rods and cones, constitute the true sensitne part 
of the retina, the remainder being for the transmission of the impuhe Each of 
these cells maj be regarded as a bipolar cell w hose peripheral process, correspond- 
ing to the sensory ending of a somatic nerve, is cither a rod or cone, whose 
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nucleus Ls situated in the outer nuclear layer and whose dendrites form synapses 
\nth those of the bipolar cells in the outer molecular rone The rods and cones 
are placed in a palisade like manner on the esteriial limiting membrane, which 
gi\es this lajcr tinder the low power of the microscope a characteristic finelj 
striated apjieannee at right angles to tlie dioroid 

hack rod whoso length varies from 40j« Jo 60 4 consists of two segments an 
outer and an inner The jauter is cylindrical highly refractile, and transaerselv 
striated and coiitains the visual purple It is surrounded hv a verv fine sheath ot 
neurokeratm The outer segment stains with osinic acid, the inner segment 
takes on nuclear stains It is not unlikeK that the transverse stnatiori is a post 
mortem change or produced b\ the method of fixation for in the fresh state the 
contents of the outer segment arc entirely homogeneous (Dmault) After death 
or under the action of certain reagents tho outer segment fragments into a 
number of discs corresponding to this transverse striation and mav also become 
bowed Apart from this a longitudinal stnation can al 0 be made out This 



according toSchultze isduetofurrowe which 
lodge the processes of the pigment epithehura 
inner segment is slightly thicker than 
the outer In the fresh state its protoplasm 
Is trauspvrent and homogeneous, but soon 
after death becomes finely granular 

A longitudinal stnation seen near tho 
external limiting membrane w due to the 
fibre baskets of Scliultze formed by an ot 
tension of this membrane (see below) 

HvUl describes a diplo»OTne_jiear the 
outer end of tho inner member, which sends 
on ouUr tkr^l through the outer member 
and an^iiiter ( firwtd to the external limiting 
lover 

Irani the inner end of each rod runs a 
thin voficose ror ^frf e which passes through 
the cxtemallimiting membrane (Figs 40 44) 
hwclls out into its densely staining nucleus, 
tho rod grannU m the outer nuclear layer. 


and then terminates in a small end knob m Iho outer molecular layer w liere 


dendrites of the bipolar cells orbon.-^ round it 

\cconling to the latest researches of Balbuena the terminal spherules of the 
rods are m contact with the cone feet In certain regions where tlie cones are 
surrounded li\ a palisade of roiLs one sees a bunth of Rpheniles enveloping tbe 
i-one feet 


The I i#w«Z Purple t absent in the rods in a zone 3-4 mrii wide at tho ora 
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perrita It t'* ils-o of course miwng at the fo\ ca centr-ilis wl ert there are no 
ro<l8 The m Jiole of a ret ina u hjcli lias ju«t been renioa ed from an e> e kejit m the 
dark. «ill tlierefore appear ptirpkh red cveept at these places 

The au ual purple bleaches raputU after death 

Fach cone whose length n aries from ^,itAt.thcJctte a_ to 4 0 tt at the jienphera 
nl«o consists of tuo segments Clasr,icalh the o uter_ segmcnt of^ the cone is 
de^crilied as conical in •'hape and much shorter tlianTlial of the rod (Fig 50 A 
and li) it has howe^c^ liccn shown that the outer segment of the cone is 
much hkethat oftlie rodjFig 43) onl\ itts \er\ much more fragile It does, in 
fae^ reach to the pigment epithehmnc\cr\ wherein the fundus and not onh in the 

macular region It coutains_no -iisiual purple The 

Iruier })ortion is bul ged and unlike the rod la directl\ 
contmuoua watli its nucleus the eonc granule staining 
Hiliferenth framtlierodrgnnulc nndsitiialedjustonthe 
inner side of the cvtemal Imiiting membnne (Figs 43 
44) Stnation etc is like that of the rods Tlie shape 
of the cones aanes grcatlv depending on which part 
of the retina th6\ come from (see Macular Cones) 

Tli o stout cone fib^nins from the nucleus to end 
in the cone Joot provided with lateral jiroccsses which 
arborise wath tlie dendntes of the bipolar cclK in 
the outer molecular layer 

Tlie visual celU a\ith Hieu* nuclei and ptocc «es are 
not aasculariscd but get tbew nourishment liom the 
chorio-capillaris 

•Vccortling to Osterbeig there are 147 300 cones per 
sq mni at the foaea At the jioint w here the rods 
commence t hat is at 13 0 p. from the centre of the fovea 
there are 74 1^00 cones per sq mm 3 mm fartJier 
6 000 cones per sq nini and 10 mm from the fovea 
about 4 000 

The greatest number of rods is found duectl^ 
under the papilla le l”0 000 per«q mm Towards 
the ora thev get less being from 23 000 to 50 000 
per sq mm 

The total number of cones is about 7 millions while 
the rods niimlicr about 1*^5 millions ' ' ^ 

Differential Stammg of the Rods and Cones — Kolmer who has done most 
w ork on the differential staimng of the neuro epithelium after stating that he 
does not believe that there are transition forms between rods and cones avntes 
B\ means of certain stains formstaneeUnnas Orcein polychrome metlulene 
blue tannin stain I succeeded m the human and mam animals in colouring the 


/ 
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outer limljs of the cone*? deep blue, while the rods were entireh iincoloured — 

nhicli indicate** a phjsico chemical difference between the two 

“ With 3Iallor\ ’s stain and often w ith Heidenham’s Azan a distinct difference 
IS seen in the cone and rod nuclei, for the former stam red with ruchsin, while the 
latter stain orange 

“ llie abcno difTcrcncea can alreadj l>e made out in cjclostoines, for instance 
in I’etronu zon, as chstmctU as in the human 

'* Tliat the cones are made of dilTercnt material from the rods I was also able 
to demonstrate m man and the primates in the following waj After fixation m 
chrome containing fluids and treatment with nascent chlorine, Unnas epithelial 
stain coloured the inner and outer ]>urtioiis of cones a deep bine (wnth Wasser- 
blau) while the inner and outer portions of the rods were coloured red (with 
Sifnnin) 

" Shaffer, indeed, show ed os eirlv as 1890 that after fixation bj Kulschitsky’s 
fluid and staining m a similir way to Weigert’s metliod for mcdnllited nerve 
fibres he coloured the cones and cone fibres electireU m tbe human retina 

“ AUo u\ many fishes the chemical difference* between the tods and concb are 
•■triking Thus in brosmuis— a slicllhsh like fish — the rod* cut ea«ily while the 
larger cones due to their extremely large albumen content, become so hard with 
similar fixation that they, like tlic Icn* nucleus jump out of the section during 
cutting 

*' It sceiTiB to me that tlic abo\c criteria demonstrated m an oxtensuo range 
of i ertebrates, are quite sufficient to distinguish (with but few exceptions) between 
rods and coiim ” 

The author has also succeeded m the human m colouring the inner portions 
of the cones red with 'Mallory’s triple stain after Zenker fixation w hilo the corres 
jionding portion of the rod stained blue Tins was done both m vertical and in 
flat sections Tins method of staining proved especially interesting m the macular 
region where the inner hmhs of the rod like cones stained red (Figs 51 to 53) 

In another eye where the sections Mamed with "Mallory’s triple stain were m 
advertently left washing for a long time the outer elements of the cones stained 
reddish brown w liile the corresponding part of the rod stained blue 

Spaces between tbe Outer Iambs of the Rods and Cones. — Schafer in Quam’s 
Aiialomy writes 

" The intervals liclween the rods and cones are only partmllv filled by the 
processes of the liexagonn! pigment cells., the remaining part appears to be 
occupied bv a clear substance w Inch, according to Hcnle and H Jlullcr, is of a 
soft clastic consistency during life, and in the fresh rondition, but soon liquefies 
after death , but acconhng to fechwalbo is nonnally liquid ” 

Van der Stricht nho found spaces hero free from rods and cones m sections 
stained bv silver methods 

Mv own preparations show that tlies© spaec* have a definite shape hexagonal 
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or polygonal m cros-? sections mirronng as it were the hexagonal pigment cells 
This \rould seem to suggest that the rods and cones diverge towards the penphen 
of the pigment cells and indeed iflhiv Schultzes figure (Tig 45) be examined 
with a magmfj mg gH«s it will he seen that the rings which represent the cross 
section of the apices of the rods and cones ate largel 5 to be found at the penpherv 
of the cell (similarh in Fig 46) It is po^^sible, however that the spaces although 
present in all mi preparations mai be produced as an artefact b 3 clumping 



Fig — Flat (alsiost HOFizoxTAr) Sectiov of the Octob Portion of the Reti>a to sho^v 

THE Spaces between the Octee Portiosb of the Rocs ank Coves 

{TrmtStlrvc Key Sot 

of the rods and cones as a result of fixation In an} case the matter requires 
further investigation 

3 The External Limiting Membrane — The external Imntmg membrane of 
the retina has the form of a %vire netting One prefers this analog} to tliat of a 
fenestrated membrane, as the holes take up a larger area than the actual membrane 
itself 

Through the holes m the net pass the processes of the rods and cones In a 
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section at right angles the membrane appears as a series of dots , if the section 
IS shgbth oblique, it maj aiipear as aline Its true fonn can onlj be apprccnted 



Im W — Vs Fir 63 «nowv<j tur Spaces ikder Hwhpb Pov«pk / t ViO Ta* Latvoth 
C iRiXKs KrpniflBVTTiie Cross rgctcoss op TiieCovpn thp Smailkr Ossa Tiioaic nr tub Kods 


m a flat section parallel to tlie surface Such a section shons clearly that the 
diameter of each aperture in the net depends on the structure «hich passes 
through it Thus a rod hiia a small aperture while a cone 



17-hi^T 
Spl-tjosopthpEc 
TEnsAL Lnrrnvo 
3t e u BRA vr > 


(Fig 57) hax a much larger one 

In the macular region the holes arc all more or less of the same 
size except at the fovea where the cones are e'vceptjonallj fine 
and the holes correspondingly small At the foien also the 
greater length of the cones pushes 
the external Itmiluig membrane in 
wards and causes a concavity out 
wards whicli is called the fovea 
externa 

Tlie external limiting membrane 



HsKi snowivo IS usually descnbeii as being formed 
Ii'tlicKbn-iofMulter But, accord 
Smau. Holes roR ing to Secfcldcr, the external limiting 
UoD (iBBEfi membrane is already present at the 


flQ 38— tLAT (HOntiOV 
TAL) Sectiov op thk F\ 
TERVALLiirm-ca JIphbranp 
AT thp ifACl-LA (rOMPARB 
WITH I lo 57J X 1 000 


iJttAofj ) fonnatiQU of the eecondary optic i^<iN«rd/foi. > 
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\c‘!iclo when the fibres of Jluller Iwe not jet reached this region It seems, 
therefore, that Leboucq is prohabU correct when he states that both the external 
limiting membrane and the fibre baskets of Oscar Scliultze are the remains of 
the original intercellular cement of the fcetal retinal cells 

At the edge of the optic ner\c the external limiting membrane may bend 
round and become continuous w ith the pigment epithelium, that is, with VerheeiF’s 
membrane with winch it i=. homologoas,orwiththcmtermcdiate tissue of Kuhnt * 
Antenorlj at tlie ora ^errata the external limiting membrane ends at the same 
le\el ns the pigment epithehum bj becoming continuous with the cement sub- 
stance botweeii the pigmented and non pigmented portions of the ciliarj epithe 
hum (Wolfnim) 

4 The Outer Kuclear Layer. — ^This consists essentially of the rod and cone 
granules (nuclei) The rod grannie is round, and 
consists of practieallj nothing but nucleus wath 
aerj little protoplasm around it The cone 
granule is larger, oval, and stains differentK As 

the cone fibres are very short, the granules he as 
n single lajer situated clo«e to the external 
limiting membrane (Fig 39) 

OccasionalU most commonly in the macular 
region cone nuclei may be found on the outer side 
of the external limiting membrane (Extruded 
Nuclei) 

The rod and cone fibres continue beyond the 
granules and end m the outer molecular zone 
among the dendrites of the bipolar cells The rod 
fibre ends m a small knob, while the cone fibre 
terminates in a conical swelling with lateral 
processes 

Generally the granules are about eight deep 
Directly to the outer aide of the disc the layer becomes thinner and then mcreases 
again, till it is thickest close to the centre of the fovea centralis At the centre 
of the fovea it practically disappears (see p 99, and Figs 73, 74 and 75) 

5 The Outer Molecular (Plexifona) Layer. — This consists ec-sentiallj of the 
arborisation of the axones of the rod and cone granules with the dendrites of the 
bipolar cells 

Corapnsmg it also are 

(а) The processes of the horizontal and amaenne cells 

(б) The fibres of MuUer. 

* It shoxild be pointed out that embryologteally th« membrane ought to pass into the ghal tissue 
at the edge of the optic ner\ e 
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Fh cn — FuiT SifTTON or 
Tl!b OlTCn 'MoLftl I-U» I AYEK 
X J (1'hospuotv so 


The outer molecular lajer has a reticiihr struc 
turc, the outer part of w Utch is much looser in texture 
than the inner (Figs 43 43a) 

The denser inner portion is formed for the most 
part of the lionzontnl processes of the horizontal and 
aniacrine cells and the lateral processes of the fibres 
of Sirdler 

As w© approach the macular region, hoiitver, 
the reticular structure l> lost and the laj er takes on a 
fibrous structure (Figs 74 75,80) This isductothe 
fact that the rod and cone fibres, instead of running 
vcrticalh , become more and more oblique Finalh , 
the fibres from the fo\ ea arc almost parallel w ith the 


iMiAculuraii i inuchlooKir m 
texture tl nil tlie inner nuclear 
la\ cr (compare Fip C3) 

( <" 1 


surface Oning 
tei this change 
in structure the 
outer molecular 
later in tli© 


region of the macula has received the name of 
Henlo’s fibre layer 

The outer molecular lajer, athich is 
thickest at the macula, almost disappears at 
the fovea 


Tht ouUr fibre layer is lenj liable to tale up 
fluid anti become aicolhn on the eliyhle^t proto 
cation, both durtny life and a t the reatiU of post’ 
inorletii or fixation changes This is especially 
seen iiv the central area ic/iere ffte su'ettniy of 
Ilenh's fibre layer produces the coikiwow jmst- 
moritm ilelaclnnenJ of the macula This forms 
a fold the plica centralis, ichtch runs from the 
onlersideoflhediscloandincUtdinylhemacula 
G The Inner Naclear Layer. — ^This con- 
sists cs entuilly of the rod and cone bipolar 
cells 


Comprising it aho are 

(а) The horizontal cells 

(б) The amaenne cells 

(c) The nuclei of the fibres of Muller 



(d) Capillaries of the central retinal 
vessels 

Tlic bipolar cells are neurones of the first 


tiOPX 

(rmjan J Cajvl BMlIftcJ ) 
Note ihne cacli cuno make)! c 
with one bipolar only 
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ortlcr Tlin }»n\o tJicjr »iiclo> in tho inner nuclear Jiijcr 
and their dendrites arborise m the outer inoleciilnr laj-et 
w ith the rod and cone fibres Their avoiies form h\ impses 
witli the ilendntes of the ganglion cells in tho inner 
inolecnlar zone Etcejit at the macuH each hijwl ir cell 
collects the mlp^c•v^Jons of nmn> rorls ami cones 

The bodies of the bipolar colls rc'cmble the gr mules 
of the outer nude ir iaa i r and consist almost ontircl> of 
iniclctis ujth len httlc surrounding pixitophsm The 
uliole laier, therefore on ordinara rniero^copic section 
rc-'cmhles the outer tiuelcar Kjer but i-. gcncralli much 
thinner 

As we appro ich the macula this lajcr gmduallj 
liecomcs thicker and then thins agim towards the fo\ei, 
wlicrc it pmclicaVli disappears 

In the hatrachians reptiles and hmls one sees a non 
ramifimg fibre coming from tho ro<l bijHilar and passing 
through the external limiting incmbraiic to end liclwecn 
tho inner segments of the rods and cones by an enlarge* 
ment, known ns tlie "Nlass of Eandolt 

Quite recentlj Bilhucna di-coicred a ncu t^iic of 
bii»o!nr — the sj'naMqiic bipolar The outer end forms a mass directlj opposite 
tho cone foot m tho cxtcnnl molccuhr lajcr Thc'-e maj be tho s ime structures 
w Inch Fortm compared to httlc bolls and 
which he tlionglit formed small dioptric 
appiritu«cs 

The. lioTizwial CdU are flat cells 
w ho«o procc'^sesaprcad out horizont allj — 
that IS pirnllcl to the surface of the 
retina The\ arc placed next the outer 
molecular laier (Figs 44 43) 

The Amacnne Cells haie a penr- 
siiajicd bodj and a single process w Inch 
passes inwards and ends in the inner 
molecular lajer Some of them make 
connection witli the centrifugal fibres of 
the optic none The}' are placed next 
the inner molecular lajer (Figs 43, 44) 
Both the honzontalandamacnne cells 
are probablj associational in function 
7 The Inner Molecular (Plex^orm) Ltyrcr.— This consists essentially of the 
arborisation of the axoncs of the bijHdar cells avath the dendrites of the ganglion 
cells Comprising it also are . 

G 
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hijvilap iiiirloi Note the 
tapiUary JC) with a de 
fonnoil hlooil eorjiusole 
nnd the m uroeliat aur 
round to the celld 

( luAur a frrhantttn ) 
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(а) Tlie (list'll processes of the amaerino cells 

(б) Fibres of Altillcr 

(c) Branches of the retinal \e‘«cls 
(fZ) A fen scattered nuclei 

The inner molecular zone forms a reticulum which is divided into several 
substrata the horizontallj coursing procesMjs of the nmaenno colls and the 
dendrites of the stratified ganglion cells (This subdivision into lavers is better 
seen m some animals especiallj birds than in man ) 

It has practicall 3 the same thickness cvcrjvvhere m the retina except at the 
fovea centralis wliero it is absent 

Tlie nuclei present in this lajer are those of the endothelium of the vessels 
(Fig G 1} or possibly those of displaced ganglion (Fig 43) or amacrine cells 

8 The Ganglion Cell Layer — 
This consists essentiall\ of the 
ganglion cells of the rctma In 
it arc also found 

{a) Fibres of Muller 
(6) Neuroglia or spjdtJr cells 
(c) Branches of the retinal 
V essels 

The ganglion cells of the rot 
ina arc m\iUii>olar nerve cells 
«>».f "hicli resemble those of the 
central nervous system Tliey 

1 10 1*1— A Oax'lios Citu. or tub iiftiva have a clcar round or slightly 
(j/itr/ot n nucleus with a well marked 

nucleolus Nissl granules art 
well developed {Fig 05) The colls varv greatly in size and shape Generally 
large they may reach up to 30(i in diameter but may be much smaller especially 
m tlie macular region Tiicy may be lound pvrifonn or ova! 

Irom the rounded inner end of the coll the axis cylmder (Fig (>4) comes ofTaiul 
pa-sves into the nerve fibre layer From the opposite extremity (which is usually 
ciiiliedded in the inner molecular layer) ont or more dendrites winch are thicker 
than the axw cylinder come off anvl rannfv m the inner molecular layer The 
processes of the ganglion cell*, mav Iw Mratijied when they run horizontally m one 
to three layers or diffuse when thev branch like A tree and end anyrnherc m the 
inner molecular laver 

1 he ganglion cells are neurones oftheserourf on/fir and correspond to cells mthe 
nucleus gracilts and cuiicitius Tlioir axoncs make a cell station in the external 
geniculate iKidv (1 ig GI) In the retinagciiemIK the ganglion cells form a single 
row hut on the temporal side of tlic dMs we find tw o lay ers w e ajiproach the 

macula thev increase in depth bo that up to eight layeiv may be formed 
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Fio 65 — Gjk>oiiox Cell of EnL^A (Zenker Borell’s Metr Blee. x 2 , 000 .) 

To show ytuVs granules AleO note nuoSeus and nucleolus 

( Ittrpnralna > 

at its margin. They decrease again toxeards the fovea, 5vbere they disappear 
entirely (Figs. 73-7S). 

Thtu, ij in any microscopic section ice find Uio or more layers of ganglion cells u‘e 
knoiL't not only that ice are onthe tentporalsideofthetlhc,butihatn'eartnearthemacula. 

Towards the ora serrata the ganglion cells are sparser and gradually make 
their way into the nerve fibre layer. 

The neuroglia or spider cells have bodies which 
are smaller than the ganglion cells, and have more 
densely staining nuclei. They have a large number 
of fine dendrites. 

9. The Stratum Opticum or the Nerve Fibre 
Layer. — ^This consists essentially of the axones of 
the ganglion cells which pass through the lamina 
eribrosa to become continuous sritb the optic 
nerve. 

But there are also • 

(o.) Ontrifugal fibres. 

(6) Fibres of iliiUer (gr.). 

(c) Neuroglial cells. 

{d) Retinal vessels. 

The nerv’e fibres are arranged in bundles uhich 
tun parallel to the surface of the retina. (This 



TitE (!A>tJLioN Cell L«-er or 
THE Retina (Zln-keb Phos- 
pnOTCNCsTic Acin. Haji J 
Tho large pangliofi epit ha» 
shrunk somewhat and so shows 
the glial surround ^e^y clearly. 
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Fi <" — Flat SEcrio'f or t«» \fmr biBRc La\t» or ti f Rctisa 

structure cm lie unde out with ordmir} stains ami nmhes it obviouslj different 
from that of the niofecuhr lasers ) 

The bundle** anastonio‘-e w ith each other forming u nctw orU in w hose meshes 
arc the foot of the fibres of Muller (Fig 67) 

The fibres nil converge towards the optic disc Those from the inner side 



reach it without interruption tho«c from the outer side do not pass through the 
macula but ha\o to go round it Tlio fibres aboae the lionrontal merulnn pass 
above the macula and tile's? Iwlow under it 

rims wo find to the outer side of the macula n sort of raphe from which the 
nerve fibres artsc in a pennate manner (GrecfT) (Fig b8) 

Tho-tc just to the outer «ide of the macula encircle this slnicture closely, while 
the more latcial one^ pass aixive ami below m ever increasing arcs 
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The fibrca from tlic macula straight m to« arch the outer side of the 

dL«c and constitute the imixirtint paptUo macular bumlle 

The iicr\o fibre Ia\cr la thickest around the margins of the optic nerve, 
SO-'tO p, and here differs ui t!ie different quadrants Thus it is thinnest directlj 
outMimls, 1 e in the region of the papillo maculir bundle Next in thickness 
are the upjxir and oiittr quadrant and the lower and outer quadrant, then the 
innermo-'t part of the edge of the disc and finallj the thickest parts are the upper 
and inner quadrant and the lower and inner quadrant The relatne thicLness 
mail prolxihltf iletermnm at nhith pari of the disc papillcedema commences The 
stcelhttg is firdliisibh tu the Ihiclerparh, that ts,atlhe upjierand tuner and loicerand 
inner quadrants next comes the inner ttlge, thm the upper and hu'er and outer quad 
rants, uhdethe last part of thediscto shou i istble suellingtiiUbediTectlyouiicards ‘ 
From the di«c the ncr\e fibre la>cr becomes thinner <as we pass towards the 
ponpberN and near the on sorrata ir» in\aded b\ the sparse ganglion cells — the 
tw o la\ ors liocoming one As has been said, it is thmner on the outer side of the 
disc than in the other quadrants and as wc pass towartls the macula it becomes 
thinner still At the bottom of the fo\ca it seems to du-xppear entirely, although 
Dogiel, using mctlulcnc blue, showed that e\en Jicro a fine netw ork of fibres exists 
TIjo iieno fibres are non mediillafcd (except wlien tbe so called congenital 
opiquo fibres are present) (Fig I5S) 

Thej arc mostly, rerj fine, but some ma> reach 3-5 p in thickness 
The Centrifugal /’ibres are thicker than the centnjictal (Ramon j Cajal) 
Tliej pass through the ganglion cell layer and inner plcxiform layer, and end bj 
ramifjmg m the inner molecular layer around an amaenne cell or among the 
elements of the inner nuclear layer (Fig 61) 

The ^'euroghal or spaler cells hay c an oxal nucleus y\ith little protoplasm and 
numerous fine processes Tlie glial fibres form a kind of membrane (limitans 
perivascularis of Kruckmann) around tbe ycssels (sec p 101 and Figs 72 89) 
Tlie retinal yescels are found mainly in the nerye fibre lajer, but maj also he 
in part in the ganglion cell lajer (Fig 90) 

Tlie^ do not as a rule project on the inner surface of the retina, but rarely may 
do so ^e^} slightly 

The Internal Limiting Membrane. — Betyveen the retina and the yatreous is a 
membrane* yvhicb forms both the inner limit of the retina and the outer 
•See y\olff and Davies, Cnl Joum OpAl/ 'Novemljcr 1931 

‘Acoortling to RcKisloh (Traife <fO/iMalinoloytt 1939) the membrane has a double contour 
Tlieouler he hoi Li uformetlbj (he Tect oftiiefibreiof Sfdller and h thus the true internal limiting 
membrane while the inner u (he loaloni njembrane It r* quite true that with the denser stains 
a double contour can often be made out s» seen m Fig 69 The inner portion mav even separate 
from the outer and cells ma> be seen lietween the two But if ne follow this method of description 
wo must always m illustrations label the membrane with both names (which is compi catodl and call 
the membrane which separates the outer part of disc from the vitreous thehjaloid since there are 
no fibres cf Xf tiller here Alvo the intemnl Jimittn^ membrane will be absent where a large vessel 
comes close to the hjaloid (as m Jig 69) 
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boun{lar^ of the Mtroou? (I igs 43 and 43 1 ) It lia^ tlierefore, been called Mitli 
equal justification the internil limiting membrane of the retina and the hvnloid 
membrane of the -vitreous Here the former term 'mU he n-^ed 

At the outset it must l>p ciuphasLscd that the membrincfitains Iiho collagenous 
tissue Thus nitli Mallon’s triple stain it is coloured blue 

In an ordinary settum of the retina this membrane appears as a tbm hue some 
1-2 mm tiiich perfectli smooth tonanK tlic vitreous but liming marled 



t lo (9 — t pnTirAfc SrtTioN or xiir Ism h 1 obtios or Tiir TIitiva {/fnkkk \ raiiorrr s 
Fusstic Stms ) 

Nuto t) II intims; of t) e inirmill lim tine rano whrre the ^c‘Kt<cl I ox floxc toil \a fl rcH 

( f ^IqU r (ne-II m^ii to tt e njitit of tho orct on) ramc t • it in thbi r<>[nr>ii 
(f'VM os i K !»-') 


irrtgularitiP'* towardi the retina The evact significance of these irregularities 
has not been decided !lhc\ nnj cither be tho foot pieces of the fibres of "Muller 
thcin-ilies (Salzmann) or the mntcnal uliicli binds these to the membrane 
proper 

In nfiatscction of the retina themcinbraneappearsin tnopirts {«) a homo 
gcncous jiortion and (h) a ciinous and rather clnrattenstic mosaic iiiiich seems 
to 1)0 due to tlie irregularities on the retinal asjjoct Sometimes on the surfuce of 
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tins mosiio (or lJ^ng loose where the membrane has become detached as an 
artefact \\ Inch happens quite frequentlj especnh^ m paraffin sections) (Yigs 71 
00) one sees a honeycomb of dbres forming no doubt the 
material ^ Inch binds the foot pieces ofthe fibres of Muller 
together (see Van der Stncht) 

A %er\ interesting and mstnicti\e picture i? often 
seen if one examines a section of the retina where a large 
^ e«sel comes close to the membrane Here opposite the 
^essel the membrane is very thin Ills smooth bolh on tis 
reftml and iilreous aspects ard no fbres of JIvlIer go fo 
it (Fig 09) 

Further when it is remembered tint the fibres of 
Muller stain red with Mallory s tnple stain as does 
neuroglia it becomes clear that the membrane « hich is 
labelled the internal limiting membrane in -ill or nearh 
all modem textbooks of anatomy cannot be formed bv the 
apposition of the bases of the fibres of 31uller as is usually 
and classicalh described (see also Salzmarm and Kolmer) 

The feet of the fibres of "Muller are in fact onh attached to 
this membrane 

The internal limiting membrane is a tyjiical glass like 
(hyaloid) membrane It is present at the fovea but is 
gradually lost at the nerve head nhere it is continuous 
AMth tlie neuroglia forming the central connective tissue 
meniscus of Kuhnt (Fjg 159) 



Fio 71 — To SHOW 
THE \ET«ORk Of (red 
STA ivivo) Fibres 
l.\r\Q Ok A DETACHED 
(blix staiv-ivo) Is 

B EASE (FlATSfCTtON 
Zenkfii Maiaory 8 

•tBlfl.E RTAl'S ) 

(tram 06 t K IJJ ) 
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Tm IlI^^^ATJ KrcRocuA 

Apart from the actual nervous dements the retim like nil parts of the 
central nervous R3stem contains glial elements winch net as its connective and 
supporting tissues The gha forms a shentli to each nervous element and thus 
senes to insulate the various neuiones from each other (Figs 50 60) I’erliaps 
also it has a trophic function 

The newer methods of staining have taught us that jn the retina as well ns m 
the central nervous sjstem there are different types of glial cells 

There are (1) the fibres of Muller (2) Golgis spider cells (3) astrocytes 
(4) lionzonta! bands of glial tissue alone or a«‘.ociated w itb the smaller v esseK 
(6) the microglia 

1 The Supporting Fibres of Muller — ^The fibres of Muller are long narrow 



verj complicated structiircs which jinss through the whole thickness of the retina 
from the intenial to the external limiting membranes 

TJio nucleus is situated at the level of the inner nuclear Kjer It can be 
distmgmslicil from the rinmded bipolar nuclei among w Inch it lies bj its elongated 
angular form (ligs 43, 434) ami its staimng reactions Thus vutli Afallorv s 
pliospliotungstic acid hematoxylin it stains much darker than the nuclei of the 
bipolar cells (I ig 62) 

Ihc nucleus of Alullor s fibre is hijiolar m cliaractcr It sends a radial process 
internally and one cxtcmallj 

Both the nucleus and the processes send branches laternllv which may be in 
the form of lamell'c or fibnll'C 

The lamella occur in tiie region of the inner and outer nuclear lav ere and 
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ncjpLbounng Inmclla? unite to form n honeycomb in tlie alveoli of TihjcJi the 
cellular elements are contained (Figs 62, 66) 

>»umerous abort branches arc also gi\cn off to the plcKiform lasers 

As the inner process pisses through tlie ginglionccU and nerve fibre la 3 ers, it 
gis cs off no lateral brandies or onK a fen and thus can be seen here ithout am 
special stain 

At the leicl of the inner molecular lajer the inner process bifurcates or 
diaidcs into sc\cral branches nhich arc attached to the internal limiting membrane 
b\ a liollow base or foot It is iisnalh stated that the ba«es or foot pieces, of 
adjoining fibres are united In their edges to form tlie internal limiting membrane 
of the retina This\ie\i is denied In both Salzmann and Kolmer (see also p 87) 

Traced cxternalh the outer process reaches the eaternal hunting membrane 
Some hold t!mt it forms this membrane and is then continued on as fine fibriliai 
nhidi imcst the base of the ro<ls and cones and are called the fibre baskets of 
Oscar ScbuUrc \ccording to J>eboueq honeier, this \icn is not tenable (see 
P 70) 

IhelschoMska preparations shou the diplosomc of the fibres of Muller to be 
dircelK beneath the limilins externa 

J\car tlio fo\oa the fibres of MQlIer instead of running at right angles to the 
lasers of the retina become oblique following though not exactly the slope of the 
elmis 

2 The Golgi spider cells arc small ghal cclU witli a round or oaal nucleus and 
numerous cytoplasmic processes similar to those found in the grey and white 
matter of the central neraoiis saitem Ihcj are most numerous near the papilla, 
in the inner plexiform, ganglion cell, and ncr\e fibre layers 

3 Astrocytes or star cells arc found here and there in the ganglion cell layer 
Tliea are most numerous in the papilla and optic ncrie 

4 Horizontal Bands. — One also often finds well deaeloped bundles of ghal 
fibres in tlie nerve fibre and inner plexiform layers either alone (Fig 72) or ac 
compimmg the precapillarj and capillary vesseLs 

5 The Microglia (del Rio Hortega’s thml ^ glnl element) — ^The cell body is 

Vft*A WAy wiA m ivi aVisp/ei I'l rmiy Viave one 

or many processes Hortega believes the microglia to be deri\ ed from mesoderm 
and not from ectoderm They constitute wandering cells which are phagocytic 
and hence act as scavengers especially to fatty granules, in pathological pro 
cesses It has also been suggested that the microglm belongs to tlie reticulo 
endothelial sy stem 

' Rio del Hortega div icles the neuroglia into three kinds 

1 T/ f Maeroglia or FiOroglta — ITiis eonsiata of the fibnUary and protoplasmie astrocytes to 
which class the fibres of SlUller belong 

2 The Oligodendroglta is constituted by cells poor in denilntes Thej usuaSIj occur m association 
with myelinated fibres but may bo fotin i in tbe gangbon cell layer 

3 Tfe Microglia 
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The Rtxrs vi* Eecroolia 

Ajtart from the nctuil ner\<«u elements the retina like all part^i of the 
central nervous system, contains glial elements which act as itb connective and 
supporting tissues The glia forms a sheath to each ner%oiis element and thus 
series to insulate the A arious neurones from each other (Figs 69 GO) Perhaps 
also it Ins a trophic function 

The newer inetlioda of Btaimng haae taught us that m the retina as well as in 
the central nervous s\stem there arc different types of glial cells 

There are (1) the fibres of "MiiHer (2) Golgis spider cells (3) astrocytes 
(4) honrontal bands of glial tissue atone or associated with the smaller vc'^sels 
(6) the microglia 

1 The Supporting Fibres ol Muller — ^Thc fibres of Muller are long narrow 


Ho t’— FlATStx 
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yen complicated stnictiires yyhich jmiss through the yy hole tliickness of the retina 
from the intcninl to the external limiting memhranes 

Tlie nucleus is situated at the Icycl of the inner nuclear lajcr It can bo 
^oV.TigWftWi ftTflTi Wft TWtTwJrtA VATf/fArii Twwiifi “iTMWvgxiVnt^i -A Vii's’oj As lAonga^cd 
angular form (Pigs 43 43\) and its etammg reactions Thus with 'Vlallorj r 
phoN]»liotung5>tic acid liiematoxylin it stains much darker than the nuclei of the 
bipolar cells (Iig OJ) 

The nucleus of Muller’s fibre IS bipolar m character It rends a radial process 
mternall} and one extemollj 

Botli the nucleus and the jiroccsscs send branches laterally which may bo m 
the form of lamellre or fibnlloj 

The lanicUe occur in tho region of the inner nnd outer nuclear lajera and 
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ALo the inner and outer molecular 
and inner nuclear layers are gradually 
reduced to thm membranes The 
outernuclearlaj er,jH'itnestthefo\ea 
(some hold nt the foiea), caetuallr 
increase^ m thickness but rft the 
fovea itself l^ reduced to a smgle 
layer (see Figs 74 and 75) 

There are no rods at the fovea 
onlv cones (Fig 77) and the'^ 
are much more slender aud longer 
than elsenhere mtb the result 
that they form an elevation which 
encroaches on the other lajers 

Jt tiiU thus be seen that at ihe 



Fic 77 — The Covt Mosiic at the 
Fiat Section iHRorca the Is-neh Portions, or 
THE Mactlah Coves v 1 000 



foiea centralis fkelayers of the retina are spread aside, 
so that light may fall directly on the true 2 >Cf'Cipient 
elements, namely ihe cones 

At the foiea centiahs each cone ts connected to only 
one ganglion cell Itsivipnhe is therefore much purer, 
and the image recettetl by the brain much sharper than 
elmthere tn ihe retina, being as U uere insulated from 
the tmpuhes of neighhounng celh It is these 
fads that male Ihe foiea the point of rnoU acute 
tiswn hi ihe retina generally each timal cell is 
t« rclonon tilth many («^ to 100) yanghon cells 


Fio 78 — Flat Section 

THHOLGH THU InnEB LiHBS OF 
TMF Rons AND CONES P? THE 
aiArrUAB Refion CMISE to the 
Rod feee^rea x J 000 Os-xa 
A FEW Rods to E4CH Cone 


The pigment lajer 
IS thickened, and so is 
the chorio capillaris 
The increased 
choroidal blood 
6nppl> isduetothefact 


that the macula Ins no retinal blood vc«*;et> 


The external Uraitmg membrane is sometimes 
pu'shed inward, forming a depre>aion which 
faces the choroid and has been called the fovea 



externa 

The jellow colour of the macula lutea is best 


Fio "O — Flat Section 
TKROICH THE InNFR LihBS OF 


«een m post mortem e^es in which the retina has the Rons (shalleb) and Coves 
alreadj become clouded It is not seen m perfect Ij 'ear the jrAct-u 

freshe\c'< nor ordmanU with the oidithalmovcope 
(Blit it can be made out w ith red free light {\ ogt) y i nan 
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Note tho (IJT f«n(‘0 t>ct»c<*n ti c mner «n I outer | ort orw Tho i itfr jiort nri 1 an tho str icturo 
of r> rou9 tkuue tl e inner rorm^ a net (*>co aliw? I- g: ftl ) Notn aliO t) o roluii n-< of conn nuclei 
in\a I ng tl e fbro U}ir 

( In At» 0 p fa0» > 


and md-irklj pigm(*nted fundi if daylight iSM«cd for illumination (Dimmer ) 

Tho reason for this w tliat the transparent >cUotv colour is Been with ahroan 
background in tho excised eve and a red background 
with the ophthnlmoflcojic 

Chcxallereau nnt\ PnlKck.* showed that jf one 
detaches the retina of an exe immediately after 
enucleation spreads it on a slide and then looks 
at it with a white liaekgrouiid the xellow colour 
can l)C seen 

IJiiHstrnnil • hoxTcxcr hcliovcs the yehow colour 
In a post mortem phenomenon for on detaching a 
fresh retina and shaking with physiological salt 
solution he found it quite coloiirlciS 
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* Vto mocutal I n Icriri* xcl Lch n ScU Haul ' \Qn Crupfoa 
lrr/<r U<1 05 p 480(10(17] 

T ChnnllCTcau atd Pi^liclc tCoc ! \oI 118 p 211 
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* ('utbtnin I von Gr cft.a^rcAit Jlil O'’ p 1 (KK) ) 



IHE EYEBALL 


9o 


(c) The Ora serrata — ^The ora semta k the dentate fringe \\hich marks the 
termination of the retina proper It la some 8 S m m from the limbus about 
G mm from the equator and 25 m m from the optic nerve Xlie teeth of the ora 
serrata are best marked 01 here the ciliary body IS narrowest le on the nasal side 
and particularly m the upper nasal quadrant (Fig 28) On the temporal side 
they often fail completel v and the border is often finely and irregular!} v, a vj and 
angular The teeth correspond m position to the mtervals between the ciharj 
processes and all the irregularities of the development m the corona ciliaris are 
reflected m the ora semta (Salzmann) Awards the ora serrata the rods 
and cones become shorter and thicker but continue to the limit of the retma It 
IS curious therefore as Salzmann pomts out that the extreme periphery of the 
retma is bluid 

The nuclear layers become thinner and e\entually fuse 
The ganglion cells become sparser jnaade the nerve fibre lajer and both end 
0 5 1 mm from the ora serrata 

There is a great mcrease in the neuroglial supporting tissues 

The external limiting membrane is continued between the two lajers of 



Fifl g — Xhe Retiva at tkb Ora Scbrata. saomua Crsnc DEosrvEeAWOV 
Iftom SaL-mnan 

ciliarj epithelium Tlie mtemal limiting membrane becomes thmner and is 
doubtfully continued over the ciliary epithelium 

At the ora eemta all the essential elements of the retina cea'fo so that boj one! 
this point (and indeed shghtly posterior to it) it does not give nse to the sensation 
of vision The retma is in fact continued forward over the inner aspect of tlie 
rvJiary bodj is two h-yors of cells m outer cobjcil Aod pjgxoejite/} jw joner 
columnar and non pigmented This portion is called the pars cihari-> retinoj 
Similarly the prolongation of these two lavers of cells behind the iris is called 
the pars indica retma? Tlie most anterior portion of the optic cup forms the 
fringe of pigment round the margin of tho pupil (Fig 34) n Inch can bo teen n ith 
the linked eje especially when the pupil is small 

Peripiiebal CasToiD Deceneuation 
(Iicanqff s Hetinal (Fdeina Biessiys Ci/sis) 

Cystic spaces arc not infrequently found m the retina at or do e to the ora 
serrata They may bo regarded as physiological and although host marked in 
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theolcl thej nla^ bo found Jn quite joang people Thej usiinllj commence in tlie 
outer nioleciihr Ja>er and gradualh increase m st7e till lliev fill the uhole space 
between the inner and outer limiting inembranc* C\*stic degeneration much 
more marked on the temporal side where the teeth of the ora sermta are small 
than on the na^al where the\ arc best developed {Fig 28) 

It ha-^ been siif^geiteil that the 6Mrs/»«jr of one of these cy^ta inay induce a detach 
ninit 0 / (he ic/nm ic/uc/i, no comnionli; starts at the ora serrala and most often ni jlie 
loner temporal qua Irani 

Their origin ls probablj associated with the reKtivelj poor blood suppK of 
the region, and their formation niaj he regarded as an atrophic phenomenon 

Tin: Blood svrPL\ of the Retina 

The retina gets its main hlooil siipptj from the arteria centralis retina; but its 
outer portion innielj, the rods and cones and the outer nuclear layer, is aras 



cular and nouriNhed h\ the chono Capillaris, which exists in fact for this jmrpose 
The outer molecular lajcr, aUofor the most part aaascular, is fed pnrtlj from the 
choroidal parth from the retinal \c«vcls (Sec also cilio retinal arterj and otlicr 
branches from circle of Zmn p O') ) 

mVe riVwiV Ar t itsuto’tr sccff^tU <rf tftc reifmw fawigs it into Ime « ith the cArer Aib 
fliipph to tlio hram namch n cortical and a basal system of Mssels which do 
not nnnstomo‘'e The choroid may lie regarded as the fonvard continuation of the 
pia arnchnoul 

The Artena Centralis Retinm — Tlie central nrten of the retina is a slender 
lesscl some 0 JS mm in ihameter (Henle) winch comes off the ophthalmic cIo«o 
to the ojitic foranv^ usuallj m company with one or other branch most 
commonlj the medial cilinri tnmk (Quam) It runs a waij course forward 
Iwlow the optic nerse oiitsulc hut adlvercnt to the duml sheath to some 
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10-15 mm behind the eje Here, at a point on th e unde r and inner aspect ^ of 
e,. ifbends IFpn ards to pierce the dura and arachnoid, from both of 
\\ Inch it recei\ es a covering 

Having reached the subarachnoid space clothed by the above membranes, it 
bends forwards and also to one or other side * After a vet} short course,* it 
again bends upwards at nearly a nght angle and passes through or rather 
invagmates the pia to reach the centre of the nerve The entcnng \ essel is thus 
clothed bj the whole thickness of the pia (and at first hy some subarachnoid 
trabecul'e as well), and takes -uith it the contained (pial) vessels It is also 
surrounded by a sj’rapnthetie nerve plexus (Krause) uhicli is called the 
nerve of Tiedemann 

At the centre of the nerve the artery bends fomards, and then in eompan 3 
with its vein iihich lies on its temporal side, it passes anteriorly to the lamina 
cnbrosa u Inch it pierces to appear inside the eye It hes quite superficial in the 
nerve head not being coiered b> nerve fibres but only bj that layer of glia (the 
coimectne tissue memscus of Kulmt), which closes the physiological cup on the 
side of the vitreous (Pig 159) It cUmbs up the inner side of the cup and at 
about this point divides into two branches (superior and inferior) which, bending 
et a right angle or nearly so, pass into the retina (Eig 93) 

It wiU thus be seen that from the jioint on the under and inner aspect of the 
nerve where the artery hes outside the dura to and including its bifurcation, it 
makes five bends (Fig 170) 

Branches. — (1) Some of the branches referred to as Group A (p 201) 

(2) The central collateral arteries (artenai coUaterales centrahs retinal) (see 
p 262) 

(3) Terminal branches 

The superior and inferior branches of the arlena centralis subdivide into 
nasal and temporal branches of wlucli the nasal are usually the smaller This 
■second division usually takes place about the margin of the disc but may occur 
in the nerve in which case four branches appear on the disc 

The retinal aessels divide dichotomously, as they proceed towards the ora 
semta, where tliey end in eapillanes uhich do not a7iadotnose uith ani/ other 
system of tessels 

From the arteries m the nerve fibre layer twigs arc given off which pa«;s mto 

* Tliero has been tnucli argument as to which aspect tho artcrj pierces All are agreed 
that It 13 the under side, but hotoo hold with t ossiua tliat it la the under and outer aspect This 
author eaj s that the fcetal clen m the optic lien e rotates through 90* during fstal life Leber (in 
Graffe &at> use/ ) points out that there is no foundation for this, and agrcca with Dejl that it la the 
under and inner aspect 

* This 18 probably the rea-^m why one has never been able to pet an antoro posterior hcefion 
which bhons the arten paining through the membranes an I in the nene 

* riiat this portion does exist is hliowri hi the fact that a tronsven>e section of the nenc and its 
sheaths cuts tha artery transvereely 

7 
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tbe g'vngUon la>cr, and capdlariea from tbeni ]wsst to the ov\ter side of the 
inner nuclear layer but no farther, the retina to the outer side of this point being 
avoecuhr (Figs 43 00) 

The macular region is supplied bj twigs from the superior and uiferior temporal 
%essels but tiio fovea Itself IS entirclj free of all blood ae'^sels 

The small vessels vhich run radially from the superior and inferior maculai 



Fio R4 — CEvrnAi. \nTEP¥ tassino Tiiftoven D«aA TiiJ* % Ers ia I's thv Nertt 

I •« frrfamlrni ) 

aesscls form (according to Ijcbet) cax«Uit> loojis which leaae an asasciilar zone 
from 0 4 to 0 5 inni at the foica The superior and inferior macular branches 
supplj the |>erifoiciI capillaries almost equallj ho that a horizontal raphe exists 
through the fo\ca uhicli ticeordiny to Itoenne accouuti for Otf Aori"OH/rtl f/ui«ton 
o/ thefixdtion area freqnenll?/ seen in obslruelion of an arleruil branch 

J he iirtcna centrilw niaj be regarded as an end artery,, for if it is blocked 
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blmdne'^s results It does howe\ er send a few twngs to Zmn or Haller s scleral 
circle 

The Circle oi Zmn or Haller {cirenlus arteriosus nervi optici) is formed hy a 
circular anastomosis between two four or more abort ciliary artenes w hich have 
pierced the sclera for the most part on the medial and lateral sides of the optic 
nerve The ring of vessels so formed lies m the sclera close to the nerve 
(Fig 176} 

From it numerous branches pass forwards to the choroid mwards to the 
optic nerve and backwards to the pial network 

The branches wluch pass inwards invade the lamina cnbrosa and also send 
branches to the nerve head and neighbouring retina 

These last branches are ustialK ver 3 smalt and onl^ supply a ^eIy small area 



Fro So — Tbe Cevtiui. Vessecs or the Retxxa are ih the So'BtRActt*ron> Space 
(Aulfior t jvrparat an, f am tCilff nd DarU /Srf( Jaum OpUIL,'* 1921 ) 

j'stina hat they he up to a ci1j& fetiJXQ) 

IS not uncommon 

A ciho-rehnal artery can be seen with the ophthalmoscope as a vessel with a 
hook shaped origin runmng from just within the outer edge of the disc towards 
the macula and supplying this area 

There is a capillary anastomosis (lut no more tl an that) between the branches 
of tbe circle of 7mn and tl ose of the nrtena centralis m tbe region of the lamina 
oril rosa and nerve 1 ead (see p '*6'*) 

A cilio retinal \em is rare 

The Retinal Veins follow the course of tl e irtenes more or Ics? \ \ ein 
maj run parallel to the corresponding arterj for a «hort distance (Fig 91) hut 
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here and there a vein cros** the artery either superficially or deeply or may 
be at some distance from it. The diameter of the artery is, as a rule, about 
tu o-thirds to tliree-quartors that of the vein with w hich it runs, and this applies 
to the artcriii and \cna centralis also. Tlie retinal veins do not anastomose, 
but near the ora serrata tlicir terminal 
twigs bend round, nm circularly parallel 
to the periphery of the retina, and form 
an incomplete ring The most peripheral 
retinal vessels are capillar)* arclies, but 
e\en tliese do not reach the ora, so that 
an avascular zone is present here. The 
arteries end farther back than the veins 
The formation of the vena centralis from 
the eu|tenor and inferior retina! veins 
takes place at about the level of the 
Umina cribrosa (Fig 03). j c somewliat 
provimnl to the division of the artery 
into Its primary branches, wliich occurs 
in the retinal portion of the optic nei^*e. 

The vena centralis lies on the temporal 
side of the artery in the nervo and leaves 
it somewhat proxmjally. Tlio artery 
and rein may cross tho subarachnoid 
space together, but more often they 
part company at right angles to each 
other (Fig RC) in the nerve and reach 
its periphery at different points The 
sem alwaj*s has a longer courso in 
the subaiochnoid sp.ice and pierces the 
dura farther from the globe than the 
artery. 

It most commonly opens directly into 
tho cavernous hinus, after h.svmg given a 
branch to tiie sujicrior ophthalmic vcm, 
but may drain into the latter vem entirelj 
Ver)' rarely it ojiens mto the inferior 

ophtbabnic seins 

It U the anastomosis with the oibital veins (as shown by Se'-emann) which 
negatives ton Graejf's Iheori/ lhal papUlcntema is produced by jtressnre on the 
eaternou’’ sinn^ 

The diameter of the central artery is aliout 200 p, that of the \ein about 



TMB Cime Ni.u\i( 

To «liow the reritrol urlorj piwMiJig into 
tbo cpiilnxif Iho nen e otonKM il« 

crt>« ecPtioii. V = tho contTnt rrtu>»\ 
tpin trliit h tM tin rrfnrif fn»n Ihf artery 
aililTpri'nt jioiiit on Iho |»’riplipr) Tlip 
arni«^ point to Ihp rpiitrsl rolVitprnt 
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Structure. — ^In structure the central retinal artery in the optic nerve resem- 
bles that of a mednim sized vessel iPareons) ' 

Tht Inltma — The artery is lined by a layer of endothehum. whose nuclei, 
placed so that their long avia is that of the ^'cssel, project mto the lumen of the 
vessel Beneath this is a aubtndtilkelial or intermediate layer, ■which is not 
present at birth but develops mth increasing age 

It consists of connective tissue which stams horaogeneouslj with hsema- 
toxylm or ^an Gieson but shows cjrcularlj arranged fine elastic fibres with 
Weigert’s elective stain 

Outside this IS the usual 
(Henle’s) elastic fenestrated 
membrane (membrana elastiea 
interna) 

The. Mxddle Goal ot Zledta 
consists of circularly arranged 
unstriped muscle fibres ^nth rod 
like nuclei hainng their axis at 
right angles to the length of the 
vessel Thereisatcryhtdewhite 
fibrous connective tissue and 
some elastic fibres 

TlteOuierCoatorAdunMia — 

Directly next the muscle fibres is 
an indefinite membrana. elashca 
externa, which fades off mto the 
adientilta proper This consists 
of connective tissue with many 
elastic fibres arranged in circular 
and longitudmal bundles Ex 
ternnlH it passes gradually into the connective tissue sheath 

The VeiJi his an endothelial lining, a tliin subendothelial lajer, a media with 
vera few muscle cells but manj elastic fibres, and a thin adventitia with fine fibres 
but little elastic tissue Tliere is neither membrana elastiea interna nor externa 
After division into its branches the avails of the retinal arteries get much 
thinner, and m the ner\e fibre laj-er the avalli. especially the muscularis, are but 
httle developed Tlie muscle, however, can be followed to the finer branches 
The adventitia is sharply demarcated from tlic surrounding nerve tissue, 
which la bounded bj a kind of border membrane formed bj glia (Iimitans porivas- 
culans of ICruckmann) (Figs 54, 8*)) 

Between the glia (derived from ectodenn and the adventitia derived from 



\k.S3n3 JUST BEnnfl) TU£ IjUtlSA^ Cbibrosa 
To show that the arteria centralis dott gi\ e off abranch 
pnarkod by an arrow) m this region a fact denied by a 
number of authors This \eseel followed anteriorly in 
aerial sections was found to break up into branches wluch 
passed into the Jamina cribrosa 

< tulAor 1 prt/’oralton ) 


^ See Parsons' PatMofft/ of tfe-Ejfe, \o\ u, p C29 
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mesoderm) tlicro ls a potential Rpace a>hich lieeomcs apparent m atrophic condi 
tions of tlio retina resulting from obliteration of the vessels and m such condi 
tions ns rctmitis pigmentosa liecomes filled with pigment 

The heiinnl CapiUaries are arranged in an umcr and an outer plexus The 
inner plexus lies in the nerac fibre lajer 

The outer plexus which communKates onlj shglitl) with the inner, reaches 
to tlie outer side of the mntr nuelcir lajer 

Rich capillarj accoidmg to iCrucKmann* has three distinct layers surround 
mg It 

There is (1) the endothelial lining containing Rouget cells (Schnlj 192G) * 



Around this is (2) a membrane conjmuous with tiiead\cntitia ofthe larger xessels 
and losth (3) comes the limitans perivascularis formeil bj -the gha Between 
(1) and (2) is the jwriv oscular Umph space containing loose connective tissue 
and a fiw eiulotiiclial cells (Hia) 

• Krilck nnim von Omrrv* wlrcAtr IM 60 pp 3 0 stid 15* (100 ) \bul ZtU { Aijtn 
ixxvi t (1017] 

* Schaly Thtfig Crflningci 10 <5 
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The Lymphatics of the Rctma. — There are no true lymphatic vessels. The 
lyTnjjh, hovevcr, circulates between the various elements of the retina, and m the 
perivascular sheaths, and, following the veins, is carried through the lamina 
cribro^a into tiie lymplmtic spaces of the optic nerve.^ 


TnE ArrEAiiAXCE of tub Foxnus as seex bv the Ophthalmoscope 
JThe funflii<t, or hack, of the eye, appe ars red, o b ing partly to the blood of the 
choroid, partly to the pigment epithelium The colour is lighter in fair people, 
darker in dark people, depending on the amount of pigment in the pigment 
epithelium and in the clioroid 

If there is much jiigment m the pigment epitlielium the choroid is hidden 


i iQ 80 — Fij^T (iiont' 
tOVTM.j StmON TUROCCR 
TUT GaVCILIOS rplt 
LAim or Tirr IPtina 
X oto the structure oft he 
cApiilQrj «rtc) tli« ghul 
fibrev Intel stmi 
ofhematjr fnJarjreHl \ letr of 
hoction of capiUaiT. (Phos. 
pholung ifsom ) C 
doformeil rcd^lilood 
corpturle m oapiltdr> 

( Inner I jvef^tralwK 1 



altogether, and the fundus appears a uniform brownish red. In extreme cases, 
as in the dark races, the fundus is almost dark grey. 

The fundus h as a fine ly granular appearance, due to the foot that the pigment 
ejiithehum vanes m tlijcl»ness and tlius is not equally dark all over, A finer 
mottling is also often seen since the pigrtlenl tends to collect at theperipherj'of 
each pigment epithelial cell • (Fig *15). 


^ Acconluig to Schieck, the IjTnphatfcs of the retina ran mth the eeutral retinal vessels and 
open into the sU&eracliROicf space Eevinaoho, on the other hand*, 6eCi6\ca that tiiey pass out 
through the dura mth these > easels 

* “The pigment of the retinal pigment ^ithdium (when viewed on the Hat) tends to collect 
toROrda the periphery of iJie coll, lesvwg the central nuclear portion relatn ely free of pigment. It 
w probable that the darker the fondas the more the central portion is invaded Id not too highly 
pigmented fmi<li, therefore, the pigment forms a network, the mdiMilual holes of which are con- 
stituteil by a single h\ing epithelial cell Now the diameter of a hexagonal cell is al>out 1C p. , this 
multiplied by 15, which is the magriification gisen by tlie direct method of ophthalmoscopy, makes 
240 ji, I e about 0 25 mm 

‘ If we take into consideration the shrinkage produced by the preparation of a microscopic 
section, I think we shall not be far wrong if we moke this Hgure 0 3 mm or 1/75 m , which is well 
wit hin the visual luDits I have seen this network quite often, and so hai e my colleagues to whom 
3 hai e spoken about it I behei e it can be made out best in fair fundi, in the macular region ” — 
Eugene. P Jl S Med, l93S.p 1101 
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If t!io pigment m the pigment cpitbiliutn k marked, and that of the 
choroid prof«'«e, a tc^'selHtcd fnndus » ptodaced Thi'* consist'^ of dark areas 
'iiirrounded h} red apparently nnastomosmg (see j) 61) bands, produced by tlie 
choroidal aesseU, for the mo«t part the ^elns 



These bands are not sharply defined as they are 
to a certain extent obscured by the pigment 

Tlie less pigment there is m tlie pigment 
epithelium and the choioid the more the sclera 
shows through and the fairer will be the fundus 
III xery fair people, and more so m albinos, 
111 whom there is little or no pigment, the choroidal 



vessels can lie seen distmctly The \essols arc 
broader and less sharply defined than the retmal 
Tcssels which nm superficial to them Slorcoacr, 
they njjjiear Hat and ribbon Uke, and show no 
light reflex Also, unlike the retinal aesscls which 
branch dendriticftlU and do not anastomose the 
choronlal \o<sel3 appear to form a dense network 
(see p Cl), except anteriorU, where the &ira%qld 
vessels pawj towards the ora serratn 

The Opbc Disc is pmk owing to the numerous < 
cajiillaries which it contains (Fig 159) It must ho 
cmpliaM'cd as it is cunously often forgotten that 
the white clement m its colour is due to the lamina 
enbrow, and not to the non e fibres of the 



fjfl Id — iv^T (almost noRi 
rovTAi.) SrcTJON or thr Ueth. \ 

TO RH( w ITS \ASCI LAKlS%TJO\ 

(Zr'.Krn AIaixorv s tumif 
STAIN 1 

A Qtf — T1 (■ n A II > iwiL* 1 1? Ill 
the neno 1 I rp and imiipl >ii cell 
Irtjprs The CHp Ilurv plcxiui in 
Ihccni rI oiicill I ijcnsn Hisllc 
J < IT (•!«•<• hiR ai) hut tlipplcx 
At Ihi inner an 1 outer parts of tl t 
inncrnii Wr 1 ijcrnrcttcllrf owi 


“ papilla ’ winch are of course non medullated * 
The optic disc under normal conditions lies m 
the same plane as the retina, and does not tlicrcfore 
form a projection os the name “ jiapiUa ” would 
lead one to BupjMjso (Fuchs Testut and others *) 
Tlie optio disc IS excat ated b\ a funnel shaped 
depression, called the physiological enp which 
vines much m form and size It is most often not 
in the centre of the disc but displaced slightly to 
the tcmjioral side It tends to bo absent in high 
liyjiermctropia Its colour is whiter than the rest 
of the disc, because there are fewer \ e«s.els and nen e 
fabres obNcunng tbe iaminn crihrosa Very often 


‘ \\ hm lIiCMj disnppwvr iw in oj tic ntrophy the tliw aj pears white 

* Tim ner\o fU res con 1>o seen Iiowivcr in the iKiimai fundus if rc<I free IiRht lie iisnl ms tlio 
source of lUiimination 

' Sco also M oIT an I Dnvios, Vri! Joum Of^th 1931 
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lar^ ■\C’! els Tor the same rea«:on the inner edge of the dnc tends to be Jess 

well defined than the outer 

The Rehnal Vessels climb up the inner side of tlie physiological cup The 
arteries are ea‘>ily distinguushed from the reins The arteries are narrower of a 
brighter red colour and lia\e a well marked light streal or refie\ along their 
middle The light streak along the ACins is much less marked It is the imago 
of the source of light u ed m the ophtha!mo<’copic examination 

\\ lien the scleral canal is straight the end of the artcria centralis is seen in 
optical section and the branches appear to come off at ISO® 

If the Ultra mural portion of the optic nerve is directed outwards as well as 
forwards (temjioraUy oblique scleral canal) the nasal border of the physiological 
cup IS steej) or oveihanging The artcria centralis is usually mvLsible and its 
first divisions make an angle which is open towards the temporal side 

If the Pcieral canal runs fonvarda and mwards (nasally oblique canal) the 
artery can be seen for somt. distance and the central vessels apjiear displaced 
towards the temporal side 

li sJould be noted care/uVij that normally Oehfjhl streak rs not lost as the itsseh 
pass oier the edqe of Oe di'ic IJ ttk the shgitest amoiml of vielling of the (Use {as 
♦» paptllrFilema) Ihettisel* bend oter its edge and the image of the sovree of light ts 
throiai beyond the pvjil It thus does not reach the etamtmi g eye and tie bent 
portion of the vessel appears dark. In the way ue get the loss of light reflex so 
iinportonl in the diagnons of pafiUredema 

Pulsation in the reins is physiological In the arteries it is pathological and 
occurs especially in j/aucoma (or when tho tension of the eye is artificiallv raised 
by pressing on it with the finger) and m aortic regurgitahm, hut is al«o found m 
antemia when syncope is munment and m exophthalmic goitro 

The connective tissue or scleral ring is the white ring or part of a rmg seen often 
next the dw c Thw wav be dwe to the border tissue not covered by tho epithehum 
or to tho side wall of an oblique scleral canal 

The Choroidal Ring is a dark nng (or portion of a ting) outside the scleral ring 
It is produced by a heaping up of jugment cpithelmin , lienee choroidal is a 
misnomer (Ehclimg) 

The Macula appears as a small ov nl area devoid of x csscls of a deeper red than 
the rest of tJic fundus and often shglvtly stippled with pigment 

The retinal reflexes vihich usuallv change their position with the slightest 
moTcmcnl of tlic eye or ophtJialmoscopc ate fixed in tlie macular region 

Tlio oval macular reflex conics from the wall which surrounds tlie macula 
The fovea fonns a small concave mirror, and so produces the bright foveal reflex 
f which at times may Iwsobnghtastodtservcthc name of bull t> cy elanfern reflex) 
Tbe region of the clivus is however darker than the surrounding retina 
because light falling on it from tho ophthalmoscope l-s not reflected hack through 
tbo pupil , also tbe relma here is v cry thin and the pigment epithelium much denser 




(0»recl imap« of ih» nchl 

Til* eentm! teuiels climb up fJw lonar si<i^ of the plij-sioJogical cup The central 
arter} appears as s single etem vliicli is just \isible 1 ere an I then divides into two 
branchos which appear (o scpnmto at an angle of (SO* (OKen the ateni is invisibte 
where the scleral cans! is rjiiite straight (brward or it maj be seen for some distance 
III a \erv obliipjo canal more rsreK it appears as two or more trunks ) 

The ceiiiral vein on llw other han I appears as two trunks, since its formation 
(seen hazih ) is in the lamina cnbiosa It is lateral to the arterj 

As tl o \ easels pnss over the edge of tlio disc thev do not lose their light streak 
Tlie macula i® seen as an area darker red tlian the rest of the fundus Its centre 
(the fovea) seen as a wliilwh roflov lies below tie centre of the di=c 

At the edge of the disc are a pigmented cloroidal crescent and a scleral ring 
Tl e normal stnation wlvich is often seen above and below the disc and due to the 
non tnedulhteii i erve fl res has tome out much too prominent Iv m the figure 
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The Anterior A^D Postxfior Chambers 
Tho space in front of tlic lens and suspensory ligament is divided into tiro by 
the ms (Fig 17) 

In front of the ins is the anterior chamber, behind it the posterior chamber 
The Antenor Chamber is bounded in front by the cornea and a small portion 
of tho sclera 

Tlie amount of sclera entering into tlie formation of the anterior chamber is 
about 2 mm abo\e, 1 5 mm bcloa, and 1 mm at the sides * 

Belantl is tho iris, a part of tho ciliary bodj, and that portion of the lens which 
presents througli the pupil 

At tlie peripherj of the anterior chamber is its so called angle, and it is here 
that VO find the sponge work of the Iigamentnm pectinatum iridis, vith the 
spaces of Fontana nhich dram mto the canal of Sehlemm (see p 39, and Fig 23) 
The antenor chamber is about 3 mm deep at its centre and is narrowest not at 
the angle but shghtlj’ medial to this (Fig 23) 

The Posterior Chamber is somewhat triangular on section, the apex of the 
tnanglo being w here the edge of the ins rests on the lens The ha«;e is formed by the 
ciharj processes and the valleys between them, m which are the rece«'ies of Kuhnt, 
The posterior wall is formed b^ the lens and suspensory ligament and the 
anterior by the ins 

Both anterior and posterior chambers are filled with aqueous humour, which 
consists es«ential]j of 98 1 per cent of water, with a trace of sodium chloride and 
albumen Its exact composition is found on p 116 

Tub LB^s 

The lens * of the ejo is <a transparent elastic bi convex bod} of crvstallme 
appearance placed betw een the ins and the vitreous 

The diameter of the lens is 0-10 mm , its thickness, from -4 to 6 mm , vanes 
greatl} as the eye is focused for distant or near objects 

Like all len'ses, that of the eje pre^nts for examination two surfaces, anterior 
and posterior, and a border where these surfaces meet, known as the equator 
(jequator lentis) 

Tlie antenor surface, less convex than the posterior, n the segment of a sphere 
whose radius is 9 ram 

It 18 m relation m front, through the pupil with the antenor chamber of the 
eye, with the posterior surface of the iris, the pupillarj mcargm of w hzch rests on the 
anteriorsurface,waththepostenorchamberoftheeje,and^viththe ciliary processes. 

‘ Rochon Du\igneaml measuring from the limbus to Iho angle finds 2 2S mm , 2 mm , and 
1 25 ram , while Lagrange finda (from limbus to a point opposite the attachment of the ins) 1 75 
mm , 1 45 mm , and I mm aa the corresponding figmes 

» It forms bj far the most striking feature wJiwj the eg^ba)] is opened so no wonder the ancients 
made it the seat of vision instead of the retina 
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Xlie centre of the nntcnor Pnrface i'' kntra'n as the anterior pole and is about 
3 mm from the back of the cornea 

The jiostenor surface more curxetl than the anterior forms the segment of a 
sphere Mlio«e radius is j mm It is usually described as Ij ing m a fossa lined 
bj the hyaloid monibrano * on the front of the vitreous but it la separated from 
this bj a slight space filled probabh with aqueous humour Tins post lenticular 
space was descril ed long ago bj Berger andapjieared to bo confirmed by the slit 
lamp (seep 171) 

T^e hqualor of the lens forms a circle Ijing 0 > inm within the ciharj pro 



From btl n I From the » le 

he St — ^Tira Less 
Note (1 at the oq uilor is not s nooth 

(f/vm £« t 

ccssos It w also m relation with the ronule of Zinn and the canal of Petit The 
equator is not smooth I ut shows a number of dentations corresponding to the 
zonular hbres (Fig 04) Tlic«e tend to disapjear during accommodation 
w hen the romil ir fibres are loose 

Structure ol the Lens 
The lens constits of 

1 Its capsule 

2 The anterior epithelium 

3 The cement hnlistancc or amorphous material 

4 Tlie lens fibres 

The Capsule of the lens forms a transparent stnict urcless lughlvelast ic en\ elope 
’ It 13 noir 1 eld to bo exceedingly doubtful tr) ether a hyalo d membrane exists (see p ] 14) 
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When cut or ruptured its edges roll out and then curl up so that the outer 
surface is innermost It is much thicker in front than behind and the anterior 



Fig 9o — Lens CApactE asd Zonclar Lamella 


and po'^terior portions are thicker lateralU, just uithm the attachment of the 
zomdar fibres than at the poles It is this difference m the thickness of the central 


and lateral parts of the anterior capsule 
■which Tmcham believes is responsible 
for the hyperbolic form of the anterior 
surface of the lens during accom 
modation 

A lamination of the capsule has 
been described and seems to be con 
firmed by the fact that the zonular or 
anterior lamina may be «cparated from 
the remainder pathologically 

The Anterior Epithelium (Figs 95 
96 19) — ^Thiseoiiaistsofisinglelayerof 
cubical eelU spread over the front ofthe 
lens deep to the capsule There is no cor 
resjionding posterior epithelium since 
the posterior cells were used up in filling 
the central cavita of the lens vesicle 

If ue trace the celK of tlie anterior 
epithelium towards the equator we find 
that thes gradinlh become columnar 
and elongating are e\ ent iiallr converted 
into Ions tihro® In Fig 06 all the 
stages of ilcveloi»ncnt of the lens fibnr^ 
can be «ccn 

It wall be noted that the base of the 
cell 1 e the part in contact with the 
capsule becomes the j) 0 «tenor part of 
the kns fibre while the opjxjsitc end 
grows into the anterior portion of the 



l-jc PU — Meiipioml Sko 7» or the 
Eqiatojilu. IlErjov or the I »>s 
I Npw Lorn JI OH inAa 

IFrvm relrirr Cna tlr<l rr ) 
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leiTS fibre The nuclei form a eomcuhat S Miapcil nuclear zone at the equator 
{too also p 300) 

The Cement Substance or Amorphous Matenal — ^Tlie various elements 
forming the lens arc bound together bj an amorphous substance * which glues 
the \arious fibres to each other and is found in the following positions 
(n) Beneath the capsule both in front and behind (Tcstiit) 

(h) A thm lajer just deep to the anterior epithelium (Schwalbe) This 
probabh represents the debris of cells in the embrjomc lens vesicle (Pig 235) 
(c) The central strand 

The central strand occupies the axis of the lens running from the anterior to 
the posterior pole Then jutting out from this axial collection towards the equator 

w e find three sheh es of amorphous material which divide the lens into sectors 
Looking at these slielves end on m the feetus or infant w e find that they form a 
Y thearmsofwhichareEcparatcdbi anglesof 120^' The anterior Y is vertical the 
posterior Y ini erted oi Inch is the contrary of the classical anatomical description 
Tliese figures are knowm as tho anterior and posterior lens stars or sutures 
In tho adult towards the anterior and posterior surfaces the rays are mucJi 
more complicated there being six or more pnmary and many subsidiary ones 
but in front and behind the embtyonic nucleus the original Yf* persist throughout 
life (seo slit lamp picture Pig 116) 

It IS into thc^c shell ea of umorplious material that tlie ends of tho lens fibres 
ate inserted 

The Lens Fibres — Each lens fibre is a long priamatic six sided band con 
aistmg of an albuminoid material enclosed m a pseudo membrane — pseudo, 
because it consists of tho same material as its contents only is more dense 
The first Ions fibres were formed from the posterior epithelium and ran from 
tlie back to the front of tho vesicle But tlic Inter ones are derived from the 
equatorial portion of tlie anterior epithelium 

Here as we have seen w e fiml nil stages in the formation of n lens fibre from 
its cell (Pig Ofl) 

The newest lens fibres are laid f n extennlly to the older deeper ones and so 
the lens acquires a laminated structure On equatorial section the lamiinj are 
cut transversely, forming the radial lamellx of Raid (Pig 07) while antcro 
jfOiStcrior section .vJioii-s them iv }/>ng Gbre^ pJiecti on the other in concentric 
lasers The fibres belonging to eacli lamina are of the same length 

Ihe sujwrficial (youngest) fibres too nro nucleatcil thoir nuclei lying near the 
equator and arr inged so ns to form a letter S m meridional section Morcoi er 
their sides are quite smooth 

Tilt deeper older fibres lo«e their nuclei become less succulent ns it were and 
their edges Wcomt serrated the stmtions of one fitting into those of its neigh 

■ It lit t t Ms bl« in ml nary xerl on on I it mint lieMnplut'T *cil tliat n>ti mg b t n n nnl 
ain b t of tl H malm il m ixt lx* tnVc i aa a post n oitom or pall ol g ral cl ingi; 
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hour Although some of the first formed lens fibre?* go from pole to pole of 
the later ones none do 

In the infantile lens each starts and finishes, on the anterior and posterior Ys 
respectively in such a vray that the nearer the asis of the lens it commences the 
farther au-ay it ends (Fig 195) 

Thefibresformedlater.formstancetheauperficialonesoftheadultlens.startand 
finishonthemorecomphcatedstcUatefigures confonmng,however,totheaboverule 

Tiro of the sides of the hexagonal lens fibres are longer than the remamder, 
and adhere much less finnlj to the neighbouring fibres than do the short sides 
It follows that if \ve treat the infantile 
lens with alcohol which dissolves the 
cement substance it will first of all divide 
into three •sectors, and then each of these 
mil separate mto lamin® lilte the layers 
of an omon 

Xev, lens fibres are laid on throughout 
life, and as the central portion which 
corresponds to the keratm laver of the 
skin cannot he «hed, the lens keeps on 
growing This, however, ts not proper 
tional to the number of fibres, for the 
older ones, as we have «een shrink Ac 
cordmg to Fnestley Smith the lens at the 
G5th year » one third larger than at 25 
The consistency of the lens vanes, the 
more superficial portion or cortex being 
softer than the central part or nucleus 
The nucleus increases, with age The lens 
becomes flatter with age, but its refractive 
power IS retained by an mcrease m the 
refractive mdes of the nucleus 

In earh cataract the nucleus becomea 
too sclerosed and the eve often becomes 

myopic — Perimera.1. Pobtios or 

Tlie colour of the lens, too change^ Eqcatoriai. Section of the iioian Lens 
with age In the infant and j oung adult Raoui. Laheu_e 

it i3 quite colourless \fter about thirty ^ 

five years the central portion gets a vellon tinge which becomes darker and more 
extensive as time goes on In the old man the lens often has an amber colour 
One other pomt of practical importance must be mentioned In old people 
the lens often apx>ears grej avhen \iewed bv indirect illumination T/iis appear 
ance viaif easily be mislalen for a cataract by the vmnitiaUd 



112 AXATOMY OF THE EYE AND ORBIT 

Tut iSusrEN’soii^ Apiakatus or tiie Lens 
The Zonnle of Zmn con«i«ts of “icries of delicate liomogeiieous transparent fibrils 
which runfrointheinnersurfaceofthcciliarybodytotheequatonalzoncofthelens 
Their exact origin and indeed their exact nature are still a matter of dispute 
Tliej ii^ed to be regarded as being split off from the hjaloid membrane at the 
ora serrata and Salzmann ( 1912) describes some of the fibrils as arising from the 
\ itreous 

Some hold that thej are secreted b} and are attached to the ciliarj epithelium 
or the internal limiting membrane, others that thej are simply a modification of 
the N itreous 

Tlvo most posterior fibrils come from the ora serrata, the most antenor from 
the heads of the ciliary processes The majority, houever, arise from a slight 
ridge know n as tht postenor zomtlar bonier, which lies 1 5 mm in front of and 
imitates the indentations of the ora serrata 

The fibrils are closely attached to the pars plana and to the elevations of the 
ciliarj processes, so that if separated from these some pigment will I'emam 
adherent on the zonula 

In the valleys betueen the ridges the zonule forms folds and lies loose It is 
into these folds, or recesses of the iwstcrior chamber, as Kiihnt called them, that 
" the ciliary glands " were held to open 
Tlie fibres are classified as 

1 Orbiculo posterior capsular fibres — from the pars plana to tlie posterior 
lens capsule. 

2 Orbiculo anterior capsular fibres — from the pars plana to the anterior lens 
capsule 

3 and 4 Cilio posterior capsular fibres and cilio anterior cnpsulnx fibres — 
from the corona ciliaris to tlie posterior and anterior lens capsnlo respcctnol} 

Trora the apices of the ciliary j»roccsses the zonular fibres pass to the capsule 
of the lens It ls to this free |>ortion tint the name euipeneory ligament of the 
lens w applied 

The majority of the fibres pa^s forwards to l»o nttaclied to the capsule just 
anterior to the equator and some go backwards to be attached behind it 

A few probably go to the equator itself, but tins is di'.putcd Of the fibres 
which arc attached behind the equator borne an«o from the pars plana while 
others jn«s backvmrcls from the eoronv ciliaru, Tlio latter, the orbiculo ciliarj 
fibres, cro'S the former and are attached farther back on the lens 

Between the anterior and ^xislerior fibres ls a space, triangular on cro«8 section, 
knowTi as the canal of I’ctil ‘ 

* Altlioiit^h th > »l>o»-o is now tho (mimI doiwnpti m IV tit himstlf tlioufjlit thnl tho hyaloid mem 
brano split nt t> 0 ciliary Uxlj iho antenor portion forming tl o su^iwnsory ligament tho jKiBtenor 
lontiniiing ot tr tlio front of the \ itreous nnd th it he hi 1 injcetol thn space between the two It 
wnsllannoier who octually shon tsl that one coul I inject tt o space l<et ween tl 0 anterior an I pusti nor 
portions of the »n«[«n 9 ory ligament 
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This cominxinicates w ith the po'^tenor chamber bj means of the slit like spaces 
between the fibres of the zonule and al«>o with the post lenticular space of Berger 
The zonule of Zinn as a w hole forms a nng somewhat triangular on meridional 
•section It fixes the lens aiul enables the cilnrj muscle to act on it In accom 
modation the zonular fibres are slackened there n. les*? tension on the capsule of 
the lens aihich therefore becomes more cornea, 

ith remoxal of the ins when viewed from in front or the vitreous when 
looked at from the hack the individual bundles of fibrils can be seen pa'ssmg from 
the cilnrj bodr to the lens (Ihg 28) Hits can be made out with the naJ ed 
eve but better with a loupe and better m the fixed than in the fresh specimen 
The fibnL on the zonule eau also be ‘^een with the aht lamp in coses of con 
genital dislocation of the lens or absence of the ins («ee p 171) 

The Vitreous 

The vitreous humour l. a transparent colourless gelatinous ina«s which fills 
the posterior* four fifths of the globe Its shape is that of the cavity in which it 
lies TIius it lias the form of a sphere which is indented anteriorly to form the 
fo so patelhna w hich lodges the lens the sides it supports the cikvrv body 
(covered bj the zonule) and the retina Through its central region runs the 
hvaloid canal which m the fmtu^ lodges the ha aloid artery 

The vitreous lies in contact but is not adherent to the retina It is honerer 
attached to the optic di-c and more especially to the ciliary epithelium m a 
zone 1 5 mm broad immediately adjacent to the ora sermta This area is 
known as the base (Sairraaun) or origin (Bolfnim) of the vitreous for it is here 
that as the result of fixation or hardening fluids or under pathological conditions 
the vitreous remains adherent Even severe mjunes do not tear the liaing 
autreouh from this situation and wlien it does giae way it takes part of the cdiary 
epithelium with it (Salzinann) 

Also some fibres pass from the front of the ntreous to the capsule of the lens 
(Biegers hgamentura hvaloidea capsulare) 

The«e are however very weak and ea«ily tom le they do not prevent the 
lens from being removed with its capsule 

The hyaloid canal (canal of Cloquet or Stilling) starts m front of the papilla 
as a funnel shaped area (area ‘Martegiani) passes through the vitreous as a narrow 
canal 1 2 mm wide and expands agam anteriorly m the fossa pateHans of the 
lens It IS probable that m the adult the canal does not run a direct sagittal 
course as js usually depicted It probably sinks inth gravity and moves about 
with movements of the eye and head It must abo he mentioned tliat its very 
existence has been demed Its walls are formed of a condensation of the 
vitreous and not by an actual membrane (Ida C Ilann) 

> \ot Ut«post«norcbaiaber 
S 
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Tiil H\aloid Membrane 

It u«ed to be and still is taught that the vitreous is surrounded bj a thin 
structureless membrane 

Fronx the ora serrata to the optic disc it is said to be applied to the innermost 
layer of the retina, the niembrana Iimitans interna Instead of covering the 
optic disc the hyaloid membrane is reflected at its edge to form the ualls of the 
canal of Cloquet Behind the lens the Mills of the caml separate to form a cup 
slnjied hollow in which the lens lies (patellar fossa) 

At the ora serrata the zonule is held to split off from the hjaloid membrane 
which then becomes exceedmgU thm posteiior to the suspensorj ligament of the 
lens It seems however, that anteriorlj there certainly is no hjaloid membrane 
although a condensation of the vitreous can bo made out in microscopic sections 
(Fig 29), while posteriorly aKo the internal limiting membrane forms both the 
inner limit of the retina and the outer boundary of the \ itreous 

It IS therefore becoming more and more generally held although the con 
troversy is by no means ended, that the hyaloid membrane, apart from the 
internal limiting membrane of the retina {qi ) is an artefact 

The Structuke of thc Vitreous 

The vitreous used to l>e ilescribcd as consist mg of a fine reticular framework in 
whose meshes are a gelatinous fluid and certain cells called the v itreous corpuscles 
Tliost colls are of many various shapes Some are round with one or more 
nuclei, others are branched termmitmg sometimes m a varicose, tendril like 
structure , othen. again are characterised by a largo vacuole The corpuscles, 
which aro for the most part possesMirs of amccboid movement, are found most 
frequenth near tho ora serrata and optic disc 

'Ihc work with the ultra microscope of Baunnann 1923-C, Comberg 1024 
Ilecsh 1920 Bedslob 1027-12 and Duke Elder’ 102!) tend'i to show that the 
\ itreous is a gel [But w hile maiiv of its qualities are those of a gel the difference 
between the central and peripheral jiortions the changes with age the firm attach 
iiicnt at its origin or base and certain pathological considerations such as tlie 
defimto arrangement of the blootl corpuscles m certain lia,morrhages into the 
vitreous make it clear that this cannot he the whole explanation of its 
stnicture ] 

Alacroscopicilly the vitreous liastheapiicarancc of a colourless transp irent jelly 
Microscopically absolutelv fresh vitreous his no structure at all 
M ith tho ultra microscope jK-rfectlv fresh vitwous is optically empty Soon 
however fibrillo? of tolloida! dimensions such ns aro seen m soap gels appear 
Mlicn the vitrtous has been standing for wimo time the fibnllio break up into 
separate particles 

> Sou 1 Uer lint Jount , Vlonograph Siipf tc nciit I\ AIno Iteilotob 1032 
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Thu^* tlie iipi>c'\rrtncos Fcen with \anows fixatnes are artefacts The iitreoiis 
has no htructuro in the orcIiinr\ schfc of the word 

The ap}»nn.ncc accn with the aht lamp w due to the fact that the fibrillee 
become c% idcnt when large numljcrs of them are arranged m a direction perpendi 
cular to the incident light as obtains near the Riirfacc of the a itreous 

The optical effect of tins arrangement is that of a w at ed or moire apiiearance 
suggestive of marcelled hair or watered silk 

Where the arrangement of the fihrill'c ls haphazard the vitreous appears 
opticallv empty 

A similar ap^icaranco is seen vshen anj gel of like cor stilution is examined by 
tlie Uit lamp m a glass vessel winch is gcntlv shaken 

This appearance it must be rcmctnlicrwl is an optical illusion for the fibriU'e 
arc far too small being somewhat of tho size of molecules to be seen witli the 
slit lamp 

The vitreous humour consists of 5 per cent of water w itli traces of aibu 
men NaCl etc Its exact composition is seen m the table on p 1 16 

It has mfact practicalli the same eomjiosttion as tlie acjiieo\i& except that it 
contains in addition a small amount of muco protein and a substance the exact 
nature of which has not been dcterminorl but vihicli ts necc«sarj for the setting of 
the vitreous in a gel (Duke Fider) 

It has also almost the same 8|>ccific gravitj refractive index conductivitj 
and osmotic pressure as the aqueous The apparently great difference be 
tween the two humours thus dciicnds on the presence of two constituents which 
absorbing water and swelling up in solution give the entire mass properties of 
increased viscositv , elasticity and a certain amount of solidity Such a state in 
contradiction to tho disjiorscd nature of a sol (the aqueous is a very dilute sol) 
IS called a ' gel ’ 

It IS probable that the above two extra constituents of the vitreous humour 
are secreted by the (retinal) ectoderm The fluid part of the vitreous is dialysed 
from the capillaries of tho ciliary region (ns is the aqueous) A physical combma 
tion of these produces the turgescent gel vthicli forms the vitreous body (Duke 
Elder) (sec above however) 

Tiir L\3iriiATic DRAPrAOt of the Eve 
The aqueous humour must lie regarded as the ly mph of the eve although its 
composition is not that of Konph in the body generally it contains Jess albumen 
and does not dot unless pathologically altered 

There arc three main theories with regard to the formation of the aqueous 
(n) Tlmt it is afdlrole from the ciliary vessels 

(b) That it IS secreted bv the so called ciliary glands 

(c) That it is a dnlysate through the endotheliiim of the capillaries of 

the ciliary body (Duke Elder) 
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Howp\er formed tho 'iqueous pas<;es from the ciharj bodj into the recesses 
of the posterior chamber and tbcnco antcnorlj or postenorlj 

Anterior Drainage — From the recesses the aqueous flows > into the posterior 
chamber, tlien through the pupil into the anterior chamber Triim here it maj 
ftass at the nnglo through the sjaccs of Fontana into the canal of Sclilcmm, and 
thence to the anterior cilnrj veins Another way open to it is m\ the crjpts of 
rvichs where wo remember the anterior epithelium and anterior border lajer are 
wanting directlj into the ms Irom hero the flow is paitl> mto the ciliary 
\ems, partly mto the supra choroidal hmiihatic space From the latter the 
drainage is Ma the perivascular Ijmphatics around tho venas vorticos"c through 
the sclera to Tenon’s space 

Posterior Drainage — ^Trom the posterior chamber again the lymph passes 
baekirards througli the slit like spaces of the siisjwnsorj ligament into the canal 
of Petit, around the equator of the lens From here it passes mto the post 
lentnl space of Berger and then down the h>aloid canal to the perineural lym 
phatics of the optio nerve 


A tabic from Duke Elders Texlbcolof ^/iA/Aa/iwo/oyyi> appended forrefererice 
It shows the composition of the aqueous, vitreous ond scrum Note that the 
aqueous is much more like the ccrebro spinal fluid than tho Ij m]>b or serum 


Tiir CEVFiui ciiraiicvL composition oi the intr\ocul\r Fimoa of tiie 
H onsi- (DUKE ELDER 1031} 

Q inntilies in gms p«r 100 f c 


V\ nior 

Solids drird at 100 C 


00 rsji 
I osen 


Tolol protein 
All timcii 
Globulin 
JJ icDj rolein 
Residual protein 
Fjbnno^ij 
immuno bod es 
Icmiei ts 
Fnts 

Clnlesterol 


0 0 01 
0 007S 
0 01S3 


traces 
iniccB 
tmees 
0 004 


OJ 0813 

I 108- 


0 006' 
0 00-7 

ooin 

OOJII 

00^50 

oooos 


03 3>3S 
0 53C2 


7 3093 
* 0oo7 
4 4130 


0 13 
present 


Non prole nN 
Total N 
Unn 

Ammo aeidn 
Creatinine 
Orjrivnii. aci b 
Sujrnt 


00'30 00361 

00^9 0 0301 

OO'S 00 9 

0 039 0030 

0 003 0 001 

traren (rocca 

OOOS3 009-3 


0 0*39 

0 037 
003o 
0 003 

00910 


< Tho nctusi doic muat be tniniinaT ond has even boon denied 
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j 

Jj n<u 

j 



\ 0 2787 , 

0 2731 1 

0 3331 

Potassium 1 

, 00189 1 

0 0192 ' 

0 0201 


1 0 0062 

00066 1 

OOlOl 

5tagnesjuzn 

0 0026 

0 0020 

1 0 0023 


1 0 4371 

0 416S 1 

j 0 3664 

Inorg P (PsOs) 

0 0033 

00031 ' 

I 0 0030 

Inorg S (SO,) 

0 0061 

00062 

1 0 0058 


0 003 



Meatrexat and Slasntot (I02l) 


0 02 



5\ittt:enst6inand Gae<lert2 (1926) 

Oxygen 

* 1 20-40 rnm 



da Haan (1022) 37a<rs5 end 

i 70 aols. ®n 

— 

\jneent (1026) 





Takftheshi (1026) 

Total COj 

' 60 TOaols "o 

— 

Kronfeld (1927) 


l47 6aofs 1 

43 7\ols % 

5fl 1 ^o^s % (Satit. 1930) 
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CHAPTER irr 

THE APPENDAGES OP THE EYE 

These comprise tho cjelid«i, the ejebrows, the conjunctiva, and the lacrimal 
apjiaratus 

Thf Eveuds 

The cyebds are movahlo folds which act aa curtamsjprot^cting the eje from 
injury or cxcessne light They also aid the pupil in regulating the amount of 
light which reaches tho retina Only when thej arc shut can the visual cortex 
really lie at rest 

The upper eyelid extends above to the eyebrow, uhich separates it from the 
forehead — the lower passes visuallj without line of demarcation into the skin of 

the cheek Often, however, es- 
pecially in tho old, two furrows, 
tho naso jugal and malar folds, 
occur just bejond the orbital mar- 
gin, and limit it below 

At the furrows the skin is tied 
to the periosteum {on tho inner 
Bide, at the naso jugal fold, the 
band of fascia passes to the inter- 
\al Iwtween the orbicularis oculi 
and the q^uadratus labiistiperioris) 
The furrow s mark the line of junc- 
tion lietwecn the loose tissues of 
the bd and the denser tissues of 
tlic cheek , and because the slun 
IS tied down tend to limit effusions, and, especially in the old, fat winch has 
escaped from tho orbit 

Tho upper ejebd is much the more nioaabic of the two, being supplied by a 
sjwoial elevator mu«cle (levator palpcbnc supcnoriA) ^^hen the e^es arc open 
and looking straight ahead, it just covers the wpjicr part of the cornea , when 
thej are closed it covers tho w hole The lower lid, on tho other hand, is just free 
of the cornea when the eje is ojien and rises onlj shghtlj when it shuts (see also 
table on j) 12i) 

^\licn the oje Is o[ten an elliptical space, the palpebral fissure, remains hetw een 
tho bd margins, winch meet in the inner and outer “ angles ” or cantln of the cj c 

The outer nrigle is acute It measures about flO’ w hen the ej o is w idolj open, 
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and about 30-^0’’ nomnll} TIjo outer ingle is often continuous uith a groore 
vhich pi'!‘5e‘? out^^a^d3 and downwards from it that is a continuation of the line 
of the margin of the upper ejehd It is around this groove that the furrows of 
the goo e s foot are placed The extemil canthus is some 5 7 mm from the 
orbital margin and about 1 cm from the fronto malar snture 

Tfie inner angle — ^The lower boundary is horizontal while the upper passes 
doirnwards and inwards — as do therefore the corresponding canahcuh The 
inner angle is continued inw irds bj the n Ige produced bj the medial palpebral 
ligament 

The outer angle is placed directl> agamst the globe The inner more 
rounded is separated from it hi i little bav — the tear lake (lacits lacnmalis) 
In this IS a yelloinsh elevation called the carunch to the outer Bide of which xs a 
reddish semilunar fold the tjIico semdiiMans 

The Carunch is really a small piece of skin containing laige modified sweat 
glands and sebaceous glands that oj en into the follicles of fine hairs (see also 
p 150} 

The Plica senidwnans repre«ent8 the third evelid merabrana mctitans of the 
lower animals It often cont ams phin muscle tissue supplied by the sj mpathetio 
(ace also p ISl) 

At a point m the lids corresponding to the plica <ezuilunaris is a small elevation 
known as the japilla lacrxtnalis the centre of winch ls pierced bj a hole the 
punelum lacntnale winch as we shall see (p 155) serves to carr> the tears 
down into the noeo 

The puncta divide the lid margms into ciliary and lacnmal portions 
"Most normal ejts are practically the same size T1 hen we speak therefore of 
ejes appearing small or large we usuallv refer not to their actual eize but to 
the amount risible w hich depends on the size of the palpebral fissure 

Vi itli the ejes open the outer angle is about 2 mm above the inner and thus 
the axis of the fissure is not horizontal but slopes from withm upwards and out 
wards 

An mcrease in this obliquity l characteristic of the Chinese and Japanese 
Vorcovej- races have a- /pJd paseyng- ihnm fJm jxmex end of tic apper JjJ 

the lower hiding the caruncle — a condition known as epicanthus 

£iptcaf!i?it/s occurs normally in the human foitua (Keith) but disappears with 
the development of the bridge of the nose It is also seen m congenital ptosis 
(Pocklej 1919) Indeed it has been regarded as dependent upon the flatness of 
the nasal bones but Duckworth (1904) qomts out that in the ]Segroid races 
who'e nasal bones are even flatter than those of the "Mongols it is nsuaUv absent 
IVlien the eyes are open too the palpebral fissure which measures about 
30 mm bj lo mm (see table on p 122) is seen to be asjTnmetrical Its 
greatest width above tlie Ime joining the two angles is on the medial side while 
below it IS on the lateral side When the eyes are shut the outer angle drops 
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till it hei under the inner and the fi<«Nure become^ sinuous conca^e ujiuaidsm 
Its central portion Tlie roots of the lashes gi%e the shape of the fissure except in 
the honinal jiortion nher© it is horizontal In its outer part the fissure slopes 
donnuards 

The portions of the cje that are nonmllj \isible in the palpebral opening are 
the conica the ins and pupil, a triangle of sclera to the outer side and a crescent 
of it to the inner, the caruncle and the plica 

Tlie most exjiosed portion of the globe is a zone just below tlie centre of the 
cornea for this remains uncovered even when the e\ea are “screwed up” 
Hence tl is the common site of those congestne or degtneialiie changes uhich icntll 
from exposure At the approach of danger the e^es tend to turn up Hero the 
e\po'*ed portion will be below, and it ts thus this region which will be most 
affected by injuries due to burns and caustics, and is aho the site of ulceration seen 
sometimes in the coma xtgil of typhoid and other seiere illnesses 

Table to show some of the characteristics of the palpebral opening and its 
relation with certain parts of the globe (from \\ mcUler) 
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Hero wo «oc that the portion of the ^obe aisible between the ejelids is lower 
as age increa'-es 

The Free Margin of each lid ih aliout 2 min broad, and has an anterior and 
a posterior border. 

Trom the anterior rounded bonier jut tbe eyelashes, which arc stiff hairs 
arranged in two or three rows The upper lashes are longer and more numerous 
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and curl npuirds «hi]othe]o%\eronestumdownMards =otbatthe^ do ziot inter 
Hce vlicn the e>es are shut The lashes are is a rule dirker than the hair, and 
do not become gre\ uith age although the\ mij do <=0 after some diseases 
(e g alopcDcia areata) It takes about ten ueeks for a lash uhich has been epi 
laled to gro« to its full size The laches are longest and most curled in childhood 
The FoJhcle'i of ll e Lashes — Although generalK like those of hairs elsewhere 
the lashes ha\e no erector muscles Tliea tii«s into the lid obliquelj m front 
of the muscle of Riolan to reach the tarsus The lashes are ver^ gen$iti\e being 
rich(\ supplied uith neraes loung lashes are knob shaped and a persistence 
of this condition is seen in mini chronic inflammatorv conditions Each lash 
remains about five months 

The Posterior Ponler of the hd margin is sharp and placed against the globe 
Just in front of it can be seen the small orifices of the Meibomian glands Between 
these and the ejelasbc-’ is a thin gn >3 line uhere the lid can be quite easily spht 
into an anterior and a posterior portion 

Tho free margins of the hds have the aboxe characteristics m the ciliary 
portion 1 e up to the puncta To the inner side of these 1 e in (he lacrimal 
portfOH there are as « rule no cilia or Meibomian glands Rarely after the age 
of ten jears lashes are found on the laenraal portion of the hd margins This 
portion IS rounded hence has no horden» In its tliiol ness is the lacnmal 
canaliculus 

The Structore of the Lids — The lids consist of a senes of lajers placed one in 
front of the other like the lea\es of a book 
Eroin before bacHi ards we find 

1 The slvin 

2 A laj er of subcutaneous areolar tissue 

3 A layer of strijicd muscle 

4 Tlie siibmu«CHlar areolar tissue 

5 Tlie fibrous lajer — including tho tarsal plates 

0 A lajer of unstnped muceJe 

7 The mucous membrane or conjunctiva 
1 The SI tn of the eyelids is about the thmnest in the body Hence it forms 
folds and is, easily wrinkled A well marked fold is often seen on the outer side 
of the upper hd in old people It may overhang the lid margin The skin also 13 
aerj elastic so that it recovers rapidly after being distended by fluids etc 
Wlien the eye is open the upper lid is marked at the upper border of the tarsal 
plate by a furrow the mouth of which gets nearer tlie hd margin the wider the 
eye is opened The corresponding furrow m the lower hd is ill marked and often 
broken up 

AI&o as has been mentioned before furrows exist at times — especially in the 
old — just beyond the low er orbital margin the^ are emphasised when the lower 



124 ^VNATOAIY OF THE EYE AND ORBIT 

lids are puffed out ^nth fat ebcajied from the orhit (see also p 130) Tliej are 
due to attachment of tl\e shm to the oxbital margm It is also attached at the 
inner and outer cantlii to the medial and lateral palpebral ligaments, especially 
the former 

Structure — The epithelium forms a relatively thin layer The stratum 
comeura is nell developed Tlic etmtum granulosum is present , the stratum 
mucosum consists of three or four layers of cells Then comes tiie stratum 
germinatmim resting on a basement membrane 

At the hd margm the epithelium becomes modified as ne trace it from the 
anterior to the posterior border It thickens and contains some 7-10 layers of 
cells The dermis ls denser and nchcr m elastic fibres » it becomes folded to 
form papillra 11111011 become higher and nairouer, and the baeeraent membrane is 
correspondingly navy (Wmckler) 

The free margin of thehdis.asitMere.covcreil by modified conjunctivas Inch 
gets thinner as ue trace it anteriorli The line of junction betiveen skin and 
conjunctiva is at the anterior border and can be seen easily (Wmckler) At the 
transition zone the cells tend to be placed obliquely and almost parallel with the 
free margin, whereas elscuhcre m both skin and conjunctiva they are placed 
peqicndtcularly to the surface , numerous lymphocytes are seen in the chorion 
and there is a change m the thickness of the epithelium 

The hairs on the lids, although comparatncly large m the fcctus, are more 
like down in the adult, and ha\c small sebaceous glands connected inth them 
(Fig 00) 

The siicat glands, although numerous, arc of small size. 

Waldejer described lu the skin of the eyelids, m the connective tissue tracts 
wliicli accompany the \e««els, and m the hair follicles, large pigment colls with 

jiroceascs 

Ihcse cells are found m the ekm in most regions of the body but generally 
are rare, mIiiIc here they ore regularly met with They are more numerous m 
brunettes than blondes 

The pigment is golden lellow or brown These cliromntophores may wander 
and 80 determine the changes more or less marked m the coloration of the 
cycliiLs Fcen in the same iiuln idunl 111 dilTcrent states of health, etc (Dor) 

2 The Suhculaneou-t Areolar Layer consists of loose connective tissue con- 
taining no fat , 80 tho ekm can easily he lifted off the underlying muscle and also 
bo distended with oedema or blood It is absent near the ciliary margin at the 
pnlfiebral furrows and at the inner and outer angles where the skin 13 adherent 
to tho palpebral ligaments 

3 The Layer of Sirtale Muscle — ^Tlieso are the fibres of the orbicularts palpe- 
brarum supplied by the 7th nerve 1 he musclo fibres are arranged concentrically 
around tho palpebral oiienmg The fibres are placed obliquely m relation to each 
other and overlap as do tiles on a roof The iiart of this muscle which lies next 
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and occupies nenrh the m hole thicl ne‘!s of the lid margin is called the mu'scle of 
Riohn (Fig <)')) It IS tra\er&ed suecessnch ba the follicles of the lashes 
the glands of Moll and the excretoij duets of the Meibomian glands (1 ig 09) (see 
also j> 130) 

4 3Ae £)iif mu'icular Areolar Tissue resembles the subcutaneous lajcr It 
lies between the orbicularis and tho tarsal phte and communicates* aboao luth 
the sub aponeurotic laj er (tho dangerous area) of tho scalp (Trotter m Choj ce s 
Surgery) Heneo pus or blood can make its w ij into the upper hd from tho 
dangerous area (see also ]i 140) It is through this plane which is reached bj 
entering the 1 nife at the grej line that the hd maj with the greatest ea^e bo 
split into anterior and posterior {lottiuiis This space is tra\ ersed bj the fibres of 
the levator some of which pass on through the orbicularis while others gam 
attachment to the lower third of the tarsus Tho mam nerves to the cjehds aUo 
he m this areolar tissue hence vhen tnjecltnga local a»<cstketie to anctslheli$e the 
It h it 15 necessary to vtgect deep to the orbtrulnn^ 

In the lower hd this tissue hes m a single small space (the prc«eptal space) m 
front of the septum orhitale In the «p)ier hd the space vn w Inch the tissue hes is 
divided b\ the levator into tho prelarsnl and preseptnl sp ices (Chnrpj and Clare* 
mont) 

The pretamal apace h small It contains the peripheral arterial arcade 
(iig OJ) It IS bounded aiitcriorlj bv the levator tendon and the orlnru 
Ians postenorlj bv tlie tarsal plate and tho inusclo of Muller Its upper end 
corresponds to the place where the mu«cle of Muller anscs from the levator Its 
lower limit is formed bj tho attachment of the fibres of the levator to tho front 
of the tarsal plate On vertical section the s|>nec is fu iform 

T/e preseplal sjxice is trianguhr on vertical section It is bounded in front 
bj the orbicularis behind bv the septiiin and tho'Xi tendinous fibre:> of the levator 
wl ich pierce the orhiculans Above is tbe pre«<cptnl cushion of fat 

TI e preseplal ci tkioii of fat is a well defined agglomeration of fat different from 
the subcutaneous fat It is for the most ^urt m front of the septum and behind 
the orbicularis Crescent shaped it lies along the orbital margin which it maj 
overlap at times Its lower tliicl er border is parallel to the iippei palpebnl 
furrow The fat is adherent to tl e orbiciilaiis and the epicranial aponeurosis and 
this acconhnp.to Chirpv sei imtcs the presepta! space from the dangerous area 
of the scalp 

The pro muscular and retro muscular spaces communicite between the fibres 
of the orhiculans hut are separited b> the septum and tarsal plates from the 
orbit Also infiltrations of tbe cvebds do not extend on to tlio check and fore 
head 

5 Tie Ftbrous iMyer — ^The fibrous loijer nmv bo regarded as the framework 


* Scealwi 140 
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of the lid« It coii'shN of a thtekcnetl central portion the tarsal plates and a 
thinner i)crjpheral part lvno\sn ns tlio pali>ebral fascia or septum orbjtale ^ 

7 le Tar$nl Pfa/e«— one for each of the lids — form the skeleton of the lids 
gl\^ng them tlieir shaiic ind fiminc^ Tliei are often called the tarsal cartilages 
but consist of ilenso tibrous and some el istic tissue found mainl\ around the 
acini in « Inch nre cnibcdde<l the Meibomian glands The} contain no cartilage 
The outer ends are 7 mm from Wlutnalls tubercle Tlie inner ends terminate 
at the lacrimal punctn some 0 mm from the anterior lacrimal crest 

The tarsus is well delimited from the surrounding tissues but lateral!} at the 
cilnrv margin its connective tissue la closel} iiiuted with tint round the follicles 
of the lashes to fonn a ehnractenstie thickening at the margin of the hd (ciharv 
mass of \\ lutnall) 

The upper tarsus which isi>hn|»ed like the letter D placed on its side is much 
larger than the lower being II mm m height at its middle The corresponding 
measurement m the lower tarsus which is somewhat oblong m form is 5 mm 
Each tarsus some 29 mm long and I mm thick ma\ be de cribed as havung 
an anterior and [lostonor surface a free ami attieJied border and an inner 
and outer extremit\ 

Tfe anterior surface of the tarsus is conrc\ and is separated from the 
orbicularis bv loose areolar tissue so that the muvcle moves freel} on the tarsus 
The jostenor surface which is concave clothed by and clo«eh adherent to 
the conjunctiva moulds itself on the globe of thee>e 

The free iorder forming the margin of the lid is thick almost horizontal 
and CO extensive wnth the citiarv portion of the lid margm the nUached border 
IS thin and graduallv runs into the paljiebral fasen with which it is continuous 
except where it is pierced b} the levator in the upjicr hd and the prolongation 
of the mfenor rectus m the lower (sec below) The superior border of the upper 
tarsus gives attachment to the imstrii>ed superior palpebral muscle (Figs <)0 and 
100) while similarly to the inferior border ofthc lower tarsus the inferior palpebral 
muscle is mserted 

The extra nttes of the tarsal plates are attached to the orbital margm bv strong 
Bbnras s-fewetan^ hacraTi as iTKches} aeitd ters-a} enr pefpebrs? 

The Medial Palpebral Ligament is a somewhat triangular band w hich lies on 
the frontal process of tlie superior maxiHa from the anterior lacrimal crest to 
near its suture with the nasal bone (Figs 14 1 13) 

The ligament ha'^ a lower free border (under which some of the fibres of the 
orbicularis insinuate themsclvc ) while above it is adherent to and contmuous 
with the periosteum 

At the base of the triangle that is at the anterior lacrimal crest the ligament 
divides into antenor and jKistenor portions The posterior portion is continuous 

* Allhougl the term Beptura orb tale « umallv «ppl ed to the palpebral faeeia only it « the 
whole fii rous layer h ch wl en the ej es are shut forms a septum to the orb fal open ng 
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^\lth tlie Incnnnl fi'^cn anti thus lielps to roof o\er the upper part of the lacrimal 
sac 

The anterior portion is continued st the inner cantlms into tuo hands uhicli 
pass across the lacrimal fossa (but not m contact s\ath the sac) to attach it to tlio 
medial extremities of tiic tarsal plates T-hesc bands mal e an aiyle open out 
\\ irds a\itli tlie lacrimal fascia Tliej form with the mam lij,amcnt a letter Y 
placed on its side The two branches which correspond to the latiimal portions 
of the lid margins and infact contain the lacrimal cnnalicuti enclose the caruncle 
and dehmit the inner cantlms 

The anterior surface of the ligament is fiee and adherent to the skin It 
looks forwards and outwards the two branches look forwards and inwards and 
thus mal o w ith it an obtuse angle open forwanls 

A deep or reflected portion of the medial paljiehral ligament is usually 
described This is paid to arise from the mam ligament as it crosses the sac and 
IS attached behuid the sac llic author has never been able to demonstrate this 
posterior portion yatisfactoril>,* apart fiom the lacrimal fnscu and Mhitinll 
(1932) describes it ns \erv thm and of sccondarj importance appearing in 
dissections merely ns the fascia clothing the fiont of thejivrs lacnmalis muscle 
Onlj m one full term fcctua did Uc find it better de\ eloped than tho anteiior 
portion Mhcn the outer canthiis is pulleil outwards and upwards the nicdiil 
palpebral ligament forms a well markcil prominence 

It shniiUl bo enrofiillj noted that tins jiromincnce lies almost entuelj on 
the frontal process of tho superior maxilla 

A finger placed in tho lacrimal fossa lies under the inner angle of tho 0 }C 
According to ’\Itller the medial ennthus corresponds more or less to the anterior 
lacrimal crest AI-o if a vertical incLsion is made 2 mm medial to the inner 
canthus the tihole of tfe ilmection to expose the me made under the outer Up of 
the uound 

It follows from this and from what has been said above that tho lower 
prominent portion of the medial paljwbral ligament does not ho in front of 
the lacrimal sac, at any rate not for more than a mdlimotre or two 

The Lateral Palpebral Ligament is attached to the orbital tubercle on tho 
zjgonmtic bone 11 mm below the fnmto zjgomntic sutui-e It is some 7 mm 
long and 2 5 mm broad It consists of filitous tissue which is not xerj dense 
It lies deeper and does not form a prominence ns docs the medial pnljicbral 
ligament Its nntenor surface is fused with the precihan fibres of the orbicu 
Ians Superficial also to this ligament are a few lobules of the lacrimal gland 
and the lateral palpebral riplie fomietl b\ the orbicularis and strengthened by 
the septum orbitnlo , 

Ihe jKwlcnor surficc is in relation to tho outer chock ligament, separated 

> McIlLf aUo iloscribos (In reltoctcl portion of (ho 1 f^amoiit an Ixing pttri of the deep ot 
tainmni ftuicia 
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liowe\ er from it b% a lobule of the lacnmil gland Its upper border is united 
M ith the expansion of the lea ator its loner border n ith an expansion from the 
inferior oblique and the inferior rectus (A\inckler) It maj or maj not bifurcate 
at its inner end to reach the tarsal plates In the former case the two portions 
are separated bj tbe outer termination of the muscle of Eiolan 

The P aLPPBRAt. Fascia or Septcm Okbitale 
Tlie palpebral fascia or septum orbitale is attached to the orbital marguvat 
ft thickening called the arcus maiginale which is formed where the periorbita is 
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contmuous with the perio<»teum centrally it is continuous anth the tar'sal plates 
except where it is pierced bj the fibres of the levator m the upper lid and the 
expansion from the inferior rectus in the lower 

Tie contminta of the septum mth the tarsus between the fibres of the 
levator can onl\ be made out with difficulty by dissection under water and is 
denied b\ man\ observers 

A portion of the septum also earned fonvards antb tlie fibres of the levator 
and a portion refiect«l back along its upi>er surface {Fjg 0!)) 

Tlie palpebral fa«cu must not be regarded as a fixed and iigid structure It 
IS a floating membrane which takes part mall the movements of the hds and has 
been regarded (though this is doubtful) as the deep fascia of the palpebral portion 
of the orbicularis It consists of two layers the fibres of which running m 
arcades cioss each other more or less at right angles 
9 
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Tiie sc{)tum is thicker and stronger on the outer side than on the inner and 
m the upper hd than m the loner In the upiwr lid, m fact, tno tendon hko 
thickenings can bo seen starting from the outer side and gradually becoming lost 
as we trace them inwards 

It iS (he ueaL portions of the septum orbitale « Inch (hterimne the site of herma 
of the orbital fat tihich lies just ileep to tt These hernice are seen freqmntli/, 
especially vi old people 

The attachment of the septum while more or less following the orbital margin 
does not do so exactly It does however, mark the junction of periorbita and 
jienosteum 

Starting on the outer side we Qnd the septum attached to the orbital margin 
m front of the lateral palpebral ligament which goes to Whitnall's tubercle, being 
separated from it by loose connective tissue containing a lobule of fat From 
here the line of attachment runs upwards, crosses the fronto malar suture, and 
then follows the posterior hp of the upper orbital margin to the supraorbital 
notch winch it bridges o\cr con\erting it into a foramen Again following the 
supraorbital margin, the attachment of the septum passes in front of the pullej 
of the superior oblique and then, leaving the bone, bridges over the iqiper and 
inner angle of the orbital opening with its vessels and nerves, to become again 
attached to the bone behind the upjier part of the posterior lacrimal crest It now 
runs down on the lacrimal bone behind Horner’s muscle and thus behind the 
lacrimal sac and the medial palpebral ligament and in front of the inner check 
bgament (Fig 113) The line of attachment crosses the lacnmal sac (or rather the 
fascia covering it) about its middle, to reach the anterior lacnmal crest at about the 
level of the lacnmal tubercle from here it follows the lower orbital margin to 
the point whore the malar portion starts ascending Here the attachment leaves 
the margin and lies actually a few millimetres from it on the facial aspect of the 
malar bone , so tint here the septum forms an osteofibrous pocket, the pro 
marginal recess of Eisler, which contains fit The line of attachment again 
reaches the (outer) orbital margin just below the level of Whitnall s tubercle 

It w ill be noted tint on the outer side the septum is superficial, l^ung anterior 
to the lateral palpebral ligament, while on the inner side it 13 deep, lying behind 
Homer’s muscle 

Where the two parts of Horner’s muscle diverge to leach the upper and 
lowerevehds tlic portions of the septum belonging to the upper and lower eyelids 
meet behind the caruncle and plica# Tlio inferior medial palpebral nrterj runs 
hero m a plane lietw ceii the caruncle and Horner's muscle 

Relations. — In the upper ejelid the septum is mamlj m contact with orbital 
fit (continuous VMth the upper and outer muss of {lerunuscular fat) Hits 
sepantes tlio septum from the Incnmal gland, the levator, and the tendon of the 
superior oblique On the inner side theaeiitum is m contact with that portion of 
the orbital fat which tends <0 jiass out of the orbit between the pullej of the 
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supenor oblique and the roednl palpebral ligament pushing the palpobnl f-iscia 
in front of it 

In the lower eyelid the septum lies in contact w ith those |X)rtions of the orbital 
fit which tend to escape through three onfices and is also in rehtion to the evpan 
Sion of the inferior lectus and infenorobhque (Fig 100) . 

In the lower hd there is only one spice, bounded behind bj the septum 
orbitale and the tarsal plate, and in front by the orbicularis (<ec p 134) 

The Septum Orbitale is pierced bj the following structures 

(а) The lacrimal vessels and nerves 

(б) The supraorbital vessels and nerves 

(c) The supratrochlear nerre and frontal arterj 

(d) The infiatrochlear nerve 

(€) The anastomosis between the angular vem and the ophthalmic 

(/) The superior and mferior palpebril arteries above and lielow the medial 
tarsal ligament 

{g) Tlie levator palpebnj supenons in the upper lid and m the lower by a 
prolongation of the infenor rectus It must be pointed out thot mnnv 
hold that the lower border of the septum and the upper border of the 
tarsus are not contmuous between the fibres of the levator. The muscle 
TTould then pi«s between the<e two structures. 

6 The Layer of Z7fw<ripe</ Muscle Fibres, hnowTi as the mjigcl e of 3ftille r. lies 
just deep to the palpebral fascia m both upper and lower hds, and, running for 
the mo«t part vertically , takes origin among the fibres of the levator in the upper 
lid and the prolongation of the inferior rectus in tho lower 

It is inserted into the attached mai^ins of the far=al plates (Figa 95 100) 

The inferior palpebral niu'cle can, according to Fuchs, be seen through tho 
conjunctiva 

The muscle of Muller is supplied ba the sympathetic, and when in action 
indcn'! the palpebral fissure * 

7 The Conjuncliia which lines the hds is called the palpebral conjunctna 
It IS firmlv adherent to the tarsu'i ("see al-o p 141) 

The 6I.A^DS oy the Lids 

Apart from the glaniU of the skin, which ime already been con«ulered, and 
tbo^e of the conjunctiva, a\e find the following glands m the hds named after 
those anatomists who first de«cnbed them 

1 Tlie 3Icibomian glands. 

2 Tlio glands of Moll 

3 Zeis’s * ciliary gland« 

* Fibnw of iinstnpwl nnj«clo nre stsa foun 1 Invlinng o^cr tht Bphmo nwxillary fwnuro and (t) 
in the oopsute of T«ion TIks wliolo ify*tem repte wn ta tb» retractor bulbs of aotno matnmalia 
(acep 3*1) 

< Note — not aa Zrsu the snalrusnHtt maker 
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1 The Meibomian Glands are long ‘iftbnceous glands aOnoh nre remarkable m 
not being connected with hairs this iiowevcr is due to the fact that tliev take 
tlie x>l ice of a row of lashes (see p 140) Tliej are situated actuallj m the tarsal 
plates and running from their attaclied to their free margins (Fig 90) Tlie 
upper ones will therefore be the larger Tho\ are arranged vertically parallel 
avith eacli other about twentv fi\e for the up|>er hd and twenty for the lower 
1 ach consists of a centra! canal into the sides of which open numerous rounded 
ajipcndiges which secrete sebum The small onfices of the canals whose 
number is exactly that of the 'Meibomian glands can be seen on the margin of the 

hd just m front of its j ostenor 
bolder (Fig 112) 

It is here that the sebaceous 
material is poured to preienl t1 e 
otcrjlow of tears to male for an 
airUght closure of Ihelils ai Ho 
preieni the tears from macerating 
the slxn (ruchs) 

TJie duct IS lined b\ four 
Inacrs of cell sitnateif on a 
basement membrane The 
mouth of tlie duct is lined ht 
SIX layers of cells of which the 
deejiest are cylindrical 
Ixcratmisation iiicreasos as wo 
approach the hd margin 

Tlio acini are usually 
globular 10-50 m number and 
placed irregularly round the 
central canal till near its orifice 
and Ro resemble a chain of 
onions (M inckler) 

1 ach acinus is said to be surrounded by a hmpbatic b{ ace 1 he structure of 
a Mcihoiman gland is hi c tliat of a gland of /eis {q v ) 

TJe Methomtan glniuli can be setn easilj sloning ihrovjlt lie cojjitncliva as 
ycUoH slrenls 

2 The Glands o! Moll max be considered as sweat glancN xvliich 1 arc become 
arrested in tlicir dexelopmcnt They are some 1 5 to 2 mm long and pi iced 
obhqiicK m clo>e relation with and pirallel to the bulbs of tiic riha fliey ore 
more numerous in tlic lower lid but cxen here there is not one to exerx lash 

Fnrh has a fundus vlodv an ampullarj portion and a neck The cavity is 
singiilarU large (1 igs 102 1 1 1) but gets narrower at the iiec! 

It pasRpn tlirou„h the dermis and epidermis and may terminatt separately 
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een tw o Hsbes or between the lash and its epithelial covenng or into the duct 
of a ghnd of Zeis (Fig 99) 

Structure — ^The stnicture of a gland of Holl is much like that of an ordinary 
SMeat gland The secretorj portion is lined bj a lajer of c\lindncal cells which 
contain ‘^cretor\ granules and fatt\ granulations and between the®e cello and 
the bi«ement membrane is placed an lU-dedned Kjer of longitudinal or obhquclj 
placed cells and fibres nhich are muscular (myoepithelial) in cbancter 

The duct IS lined bj two or three laA ers of cells the mo«t superficiil of which 
are cjhndncal There are no muscle fibres 

3 Zeiss Glands are modified ‘sebaceous gland* which are attached directly 
to thefolhcTesof thee^ela'bes (Fig 102) Usually there are two to each cihura 
Each gland consists of cpithehum placed on a basement membrane Next to this 
membrane is a layer of small cubical cells which are activeh dividing The cells 
resulting from this division enlarge become poligonal and filled with sebaceous 
granules The nuclei dimim h in sue become star shaped and disappear The 
degenerative cells ]o«e their cell nalb and are pushed touards the centre of the 
gland and then towards the secretorj duct The sebum pisses out between 
the lish and its epithelial coveting 

The Blood itsssels of tue Lids 

Artenes — Tlie blood suppl.v to the hds is derived mainl> from the ophtftahnie 
ind lacnmal artenes by their medial and lateral palpebral branches 

T he__media l palpebral artenes — superior for the upper lid inferior for the 
lower — pierce the palpebral f^i a above and below the internal tarsal ligament 
Each anastomoses with the corresponding lateral palpebral ^ery from the 
laenraal to form the tarsal arches whose plane m the lids is in the submuscular 
areolar tissue (i e between the orbicularis and the tareal plate) close to the hd 
margm (Figs 99 and 100) 

The Tarsal Arches {Arcades) receive anistomosmg tings from the superficial 
temporal transrer«e facial and infraorbitil artene®! 

In the upper hd a second arienal arch is formed from the superior branch of 
the mecfiaf pafpebraf ft i* cafieif ffie arcus tar^eus superior and u situatecf 
m front of the upper margm of the tarsal plate (Fig 99 and 106) 

From the arches branches pass forwards to suppli the orbicularis bnckwards 
to the conjunctiva and Meibomian gland** 

The Veins of the hds are larger and more numerous thin the arteries They 
are arranged m pre tar*al and post tarsal sets and form a dense plexus (which 
can be seen m the Iivmg) m the region, of the upper and lower fomiees of the 
conjunctiva 

Some of them emptv into the veins of the forehead and temple others 213*53 
through the orbicularis to reach radicles of the ophthalmic rein 

Lymphatics — Like the reins th^lympfaatics are arranged m pre and post 
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Antenorlj it i'? pepnrated from the skin, not bj areolar tissue, but bj a lajer 
of fat, to winch it IS adherent, and so acts on the skin, which actual!} receives 
onl} the following fibres, mostly from the peripherj of the muscle 

(a) Tkt ««j>erciharis (Merkel), or depressor muscle of the head of 

the o}ebrow (Arlt), comprises some of the tipper medial peripheral fibres which 
pass to the skm of the inner portion of the ejebrow 

{b) The J/o/cris (of Henle) is constituted by some of the medial and lateral 
lower periidieral fibres which are attached to the skm of the cheek A.lso Jlerkel 
has described some fibres which ate attached to the skin round the inner canthus, 
w Inch produce a scries of fine lines on the inner part of the lids, especnlh m those 
who have small ejes and are subject to frequent blinkmg (Poiner) 

Homer s Muscle,* or the Tensor tarsi is also called the pars lacrumlis of the 
orbicuHns, because it is regarded hj some anatomists as forming the deep 
origm of the pro tarsal portion of the muscle 

It consists of a thm la}er of fibres which arises behind the lacrimal sac from 
the upper part of the posterior hcrimalcro«t (Figs 112 113) which often shows a 
roughening hero The muscle passes outwards and forwards,* and divides into 
twoshps, winch eurroundthecanalicuhandliccomecontimious with the pretarsal 
portions of the orbicularH of the upjicr and lower lids and with the muscle of 
Riolan The lacrimal fascia and Homer’s muscle preient ectropion of the 
lower lid ofter excision of the lacrimal sac when the medial palpebral ligament 
has been divided (see Wlutnall} 

The Muscle of Riolan is the ciliar} portion of the orbicularis, and consists of 
very fine striped muscle fibres which ho in the denve tissue of the hds near their 
margin The glands of Moll separate them from the palpebral portion of the 
orbicularis 

A part of the muscle lies superficial to the Meibomian glands and a part (the 
subtnrsal portion) deep to them (Fig 99) 

The muscle of Riolan is continuous medially with Homer’s muscle (Fig. 

112 ). 

Actions — ^The orbicularis is the 8i»hmctcr muscle of the e}e 
The Palpebral Portion is used m closing the e}e wathout effort. Usuall} it is 
an involuntnr} movement, as in blinkmg, which goes on continuousl} almost 
without our being aware of it People also blink their ejes when the\ want to 
see more clear!}, often whcnthc} arc thinkmgra pull} , to get, ns it were, a shnrjier 

• lifst <iescnbrtl 1>J Dnompy m I7-IC Gerbuh hImo tl«icrib«l an anterior lacrunal muscla 
whirh nri«“« from tlio posterior aspect of iho mMiinl pnlpnbml ligament an I passes outwanU and 
backwardi above and lielow tho rafloctw] portion of the ligament (T) to minglo with tho orbiculans 
» Stii lents often fin I difilcully in j icl inng tlw* H'latlona of Komer a mmele Thw w liest done 
by closing one a cv es an 1 thinking of one a own tommal foasa with llomcr s inuscio arising hclimd 
it It iHliot difiieult then to picture tin* mnsrle pawing forwards anil oiitwanis lateral to tie larrimal 
sac an I after diM Imp into two portions reschinp tho inner ends of the TOarginaV portions of the 
upper and low er e> ehils 
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mental picture of the sitintjon The ejes are closed refieily ^hen there as any 
clanger to them and curiously enough on heanng a loud noise 

Thz Orbital Por/(0/i is used to cloce the ejes tightly l^hen this portion of 
the muscle is in action the shin of the forehead, temple, and cheeh is drairn tonards 
the inner side of the orbit, the ejelids being firmly closed Radiating furrows 
are formed, especially on the outer side and below the eye In the 5 oung they 
care only seen w hen the muscle is acting , later they beiJome permanent, and have 
received the name of “ croyv's feet " The muscle comes into play in sudden, 
short li\ed conditions bringing an mcreased supplj of blood to the head and eje, 
and giving ri'^e to a strong evpiratorj effort Tlius it is seen'm action in crying 
children, in coughing, m blownng the nose, sneezing and txctssitz laughing 
Charles Bell thought that the eye was shut tightly to lessen the vascular dilatation 
which accompanies these efforts, and thus act as a protective bandage Thts 
achon 0 / tht or6icwfflns can 6e QTtaihj curiailtd by draiuiiQ the outer canthiis laterally 
or dtudtngil 

One portion of the orbicularis may he paralysed without the other The 
orbicularis also holds the tower Iid in contact yvith the globe, since in paralysis 
of the muscle it falls nway and lacrimation results See also the action of the 
orbicularis in the conduction of the tears (p 1C2) 

Nerve-supply. — ^The orbicularis belongs to the muscles of facial expression, 
and hence is supplied bj the 7th cranial nerve h\ fibres probably coming from 
the nucleus of the 3rd cranial nerve Tlie upper part of the muscle is supplied 
by tlie temporal branch of tlie facial the lower bj the zjgonntic branch These 
branches enter the muscle from the lateral side and on its deep surface 

The former crosses the zygoma, as one or more branches, | in behind the 
external angular process, runs a little above the external canthus, and then 
parallel ivith the supraorbital niatgin («ee Fig 165) 

The zygomatic branch (or branches) reaches the loaver part of the muscle by 
crossmg the cheek Bj the tune these nerves actuall3 enter the muscle they 
have divided into a fair number of branches (Fig 140) 

T he Co rrugator supercilu (Fig 114) is a small, darkly coloured muscle situated 
at the inner side of the eyebrow under cover of the frontalis and orbicularis 
Arising from the inner end of the superciliary ndge, it passes upwards and out 
wards, and then through the overlyrng muscles (Fig 140), to be inserted into 
the skin of the ejebrow about its middle It is responsible for the gaping of a 
vertical wound of the eyebrow 

Action — ^The corrugators pull the ejebrows towards the root of the nose, 
making a projecting roof oy er the inner angles of the e} e and producing oharac 
tenatio vertical furrows in the middle of the lower part of the forehead and a 
dimple at its pomt of insertion. 

The mu'^cle is used prjinanlj to protect the eje from the glare of the sun by 
fotmmg a projecting shelf above it It is well developed m those farm children 
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^\llO go about in the open ^\ithout hats Tliese acquire permanent vertical 
furrow 8 betw een the e\ ebrow s quite earh in life In relation to facial cipreasion 
it IS par excellence the muscle of “ trouble ” It is used to express opposition to 
anjilimg uncomfortable, and is seen in action m the erj mg child, in sorrow and 
jiain, in frowning, and in retrospect on difficultj Aa Froriep points out, it is 
often used m conjunction with the inner port of the fiontalis and pjramidalis, 
producing a peculiar oblique he of the eyebrows well seen m tlie head of the 
Laokoon 

Nerve-supply. — 7th cranial, tlirough its temporal brnncli 
The Occipito-Irontalis consists of tho two occipital and two frontal mu«cle8, 
united together bj a large, thm aponeurosis (tho galea aponeurotica), which 
co\ ers ami is moulded on the upper part of the cranium 

Fieh occipital muscle, small and of a quadrilateral form, anses from the outer 
two thirds of the superior curved Ime of the occipital bone and from the base of 
tlie mastoid process aboae the insertion of the sterno mastoid It is inserted 
above into the epicranial aponeurosis 

The frontalis, nho somewhat quadrilateral in shape, arisen bj a convex upper 
border ftom the epicranial aponeurosis nudwaj between the coronal suture and 
tho orbital margin It is uuer/erf into the skin of tho ejebrows, mingling with 
tho fibres of the orbtculam and the cornigator Above there is n distinct 
triangular interval between the two frontal muscles Below , the inner fibres are 
joined, and intermingle wnth tho p^Tamidalis but it mu«t be remembered that 
the latter muscle is running upwards, and is the antagonist of the fiontalis 
Action — The frontalis raises the cvebrows and draws the scalp forwards, 
throwing tho forehead into a number of transverse wTinkles These furrows are 
convex upwards on either side, joined by a piece in tlie centre, usually convex 
downwards Tlie lines are often absent in tbe triangular interval between the 
two muscles above The occipitalis draws the scalp back By the alternate 
contraction of the two muscles the scalp may be drawn forwards and backwards, 
a power possessed, however, by very few the raising of the ejebrows tho 

ev cs are w idclj opened, the w lute tending to show above the cornea * 

More hglit thus reaches theeje, and more therefore la reflected from it, making 
it brighter and animating tho gaze TJie frontalis is brought into action when 
vision Ls rendered ihfFicult, cither ba the distance of the object or the absenco of 
Buflicient light 

Pnim the point of new official cxprei>siQn, the frontalis, as Duchenne has so 
well descril>cd it, is the muscle of “ attention ’ It is usetl in expressing surprise, 
admiration fear, and horror, in all of which tlie clement of" attention ” is present 
If tho evebrowa are raised, tbe lids being half closed, the apjicarance of forced 
attention results 

Surface Form. — ^The frontalis is the only muscle of facial expression that can 

• It tiiiu ouinnotitii Uif action of iho true tlevnlorwf the upper litl — tlio IcMitor palpcbrm aiipcnona. 



THE APPENDAGES OP THE EYE 139 

be seen on the surface, and this onlj m certain individuals (usually the thin 
intellectual tjpc) "When risible its upper curved border and the trianguhr 
interval can be easdj made out e^pecialh when the muscles are m action 

Nerve-supply. — "tli cranni 

PjrranudaliS nasi — Tho t«o mu'^cles of this name placed «!V7mnetncaJJ3 on eitlier side 
of tiw midline occupv the bridge of t)je nose and the interval betvreen the lovrer portions 
of the two frontales The muscles arise from Hie lower portion of the nasal bones and run 
vipwanis to be inserted into the skin of the lower part of the forehead on either side of the 
midhno (Fip 140) 

Tliev pnll the skm of this region downwards producing transverse furrows in the lower 
part of the forehead and root of the nose It is for this reason that the somewfiat wave like 
wrinkles of tl e forehead are convex upwartls on either sule duo to the frontales and tend 
to be convex downwanK in the middle 

The pvramidalLS is closelj associated with the corrugator supercilii It increases the 
prominence of the ev ebrows as a protection wlien the eves are exposed to bright light From 
the jioint of view of facial expression Duclienoo ralU it the museje of aggression or 
menace Aus. ociated witli other muscles it expresses painful and similar emotioos. 

Nerve-supply — 7th cranial 

The frontalis, orbicularis ocuh corrugator tupercilu and pyramidnlis have 
been called bj Howe (1907) the accessory mttsclts oj accommodatiori, smee they 
are brought into play when nsion is earned out under difficulties It js possible 
that the attachment of the frontalis to the occipitalis may exphm certain cases 
of occipital headache due to eje strain (see al«o p 226) 

The Evxbrows 

Each eyebrow is a transverse elevation clothed vnth hairs, and situated at 
the junction of the forehead and upper hd In structure it resembles the hairy 
scalp 

It consists of the following layers 

1 Skm 

2 Subcutaneous tissue 

3 Laj er of muscles 

4 Submwseular areolar layer. 

o Fericranium 

1 The Skin is thick -verj mobile, and richly supplied with sebaceous glands 
Like that of the scalp, it is closely adherent to the superficial fascia 

The hairs of the ejebrou are Iiard but silky Taken as a wliole thej are 
comma shaped The head of the comma the hairs composing w hich run up 
w ards is placed typically under the inner end of the orbital margin The body of 
the comma lies along the orbital margin and the hairs composing it run horizon 
tallv outwards The tail of the comma usually lies somewhat above the outer 
orbital margin whose prominence can be made out beloiv it "Manj variations 
exist The higher the ejebrovv tlie more curved does it become the lower its 
position the more honzontal Mam muscles of facial expression are attached 
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to the mobile skill of the evebrott’s so that the} maj be rused lo%\ered ordrawn 

towards the mulhne 

Lsuallj the space between tlie c^ebrows is smooth and hauless (hence 
glabella} but not mfrequentlj the\ are joined across the niidline 

2 The Suhcutaneoxis Tissue, like that of the scalp contains little fat and 
much fibrous tissue It is intimate!} connecteil to the ekm on the one hand and 
to the underljing muscles on the other Thus in movenients of the ejebrow, 
the skin suhcutaneous and muscle lajers move on the snhmusciilar areolar 
laj er 

3 The Layer o! Muscles — ^This is constituted bj the vertical fibres of the 
frontalis the arched lionzontal fibres of the orbicularis and the oblique darker 
coloured corrugntor supcrcilii 

4 The Submuscular Areolar Layer — ^Tlus is a continuation of the dangerous 
area of the scalp and since the frontalis is not attached to the orbital margin it 
is further continued into the upper lid lu the plane between the palpebral fascia 
and the orbicularis (Trotter) 

Charpy, however holds that a deep jiortion of the epicranial aponeuro-sis is 
attached to the orbital margin and cuts off the dangerous area from the lids 

The difference between those opposite Mens is no doubt due to the fact that 
while chnioallj blood and pus fiud their way from the dangerous area into the 
upper hd the coarser particles of the injection fluid as used by Charpj were 
hchl up 

VesstU 
ArltTita 
Supraorbital 
Superficial temporal 
Veins 

InkrnnUy — to the supraorbital or angular vein 
Laterally — to the temporal vein 
Lymphatics 

^lediaVy thej follow the facial \om to the eubmavillary group 
Laterally thej go to the parotid Ijmphatic glands 

Tut CkiaJCNOTiaA 

Tlio conjunctiia is a thin transjiarcnt mucous membrane which derives its 
name from the fact that it attaches the eyeball to the lids 

It linos the posterior surface of the lids and la then reflected forwards on to 
the globe of the eve becoming continuous antcriorl} with the epithelium of the 
coniea (the conjunctiva camet!) 

It thus forms a (potential) sac the conjunctival sac which is ojen in front at 
tiie paljicbral fissure and oiilv closed when the ejes are shut 
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\Uhouglt ill jirto of the conjunctt\a ire continuous with each other, it is 
ch\ uleil for j)urj>o es of (lc«cn}>tion into throe jiortions 

rimt winch belongs to the hds is cilletl the Palpebral Portion, that clothing 
the ciebill is tiie Bulbar Portion Tlie mtermeilnte part forming the bottom 
of the conjunctisal pic where the reflection on to the globe tikes place is called 
the Fomix 

I The Palpebral Portion Immg the lids mai itself he snbdn ided into murgtml 
iarml and crbUal tones 

The conjunrtiia of tJjc margin of the lid i-* ictnalh o transition zone between 
skin mil conjunctu i proper it resembles the skin m being coi ered bj stratified 
opithclnim in the middle I i\ers of nhich are prickle cells ^ The structure of the 
margiinl rone is conliimed on to the back of the lid for about' 2 mm (Parsons) 
to a sli illow grooic know n as the subtarsal fold *at which the perforating I'esselg 
pas tliroiigh the tarsus to reach tlie conjiinctiia In the ailmargtnal zone the 
epithelium tonsi ts of about twcl\c la\crs and is at least as thick as that of the 
epidermis The deejiost 1 i\cr w high cilmdnca! tlie middle lasers cubical the 
►ujicrfitul ones flattened hut no longer lerafmwl As we pass from the Iid 
mai^in howeier the mjml>or of hiers decrea es and the superficial cells lose 
their squamoiw character Then m the superficial layers goblet cells varting 
greatlt m mmilcrs in <ltlTefCiit individual nml c their appenranep (Fig III) 

Tlie punctn ojicn on to the marginal jiortion of the conjimctiM and tlirough 
them the conjunctual sac I ecomes direclK continuous with the inferior meatus 
of the no«e mi the lacrimal passages 

Thni tliHiu^e from (he conjuncfnal sac may spread to (he nose niirf itee 
ter^a 

Tie Conjnncfua Tarst la thin transparent and^e^^ vascular 

Xlic la'cularitv gnes the region its re<l<li5h or puiktsh colour and accounts 
for the fact that it la evammed in ca<es of suspected an'cmia 

As the conjunctii a ih transparent the Meibomian glands can be seen through 
it as V ellow ish streaks 

The conjunctiva tarsi is mtnnatelv adherent to the tarsus m fact it is almost 
impossible to separate the two bj dissection for this reason too it is irapos<5ible 
to cover up gaps in the conjunctiva tarsi as one can with the bulbar portion 
sjnipH bv dissecting up neighbouring flaps and drawing them over the bare area 

Tie Orbital Zone of the conjunctiva lies between the upper border of the 
tarsal plate and the fornix 

It lies looselj on the underIving mvoluntarv muscle of "Muller (Pig d2) Its 
surface is thrown into horizontal folda Tliej are folds of movement and are 
deepest when the ejes are open and almost disappear when the eyes are shut 
(Fuclis) Tlie folds appear after birth 

> Virclow hOKeter Reckons t) is « lauu^ nal can« s.s onij O-o mm 

> In the fol 1 fore gn bodies an very 1 able to lodge 
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If tlie area jii t above the tarsal plate be exanimetl with a loupe it will be 
found marked bj a senes of shallow grooves which diMde it up into a mosaic of 
loiv clei ations (Stieda s ‘ plateaux and grooves) The«o ele\ ations are not tnie 
papillte altliough tho3 maj become so m inflammation Tins area raav encroach 
on the conjunctiva tarsi but ncaer bevond the middle of the tarsus 

2 The Formx Conjunctivse is a continuous circular cul de sac which is 
broken onl^ (on the inner side) ba the canincle and the plica semilunaris 
It IS divided for jiurposes of description into superior, inferior lateral and 
medial portions 

The Superior Fornix reaches to the level of the orbital margin some 8-10 ram 
from the limbus 

The hijerior Foniix extends to within a few radliraetrcs of the inferior 
orbital margin 8 mm from the limbus 

TAe Older Formx IS placed at a depth of 6 mm from the surface le 14 mm 
fix m the limbus and extends to just behind the equator of the globe 

riie fomix conjunctwse is m relation with and adherent to loose fibrous 
ti sue which is derived from the fascial expansions of the sheaths of the leiator 
and rccti muscles and which is casilj distensible 

In It are found the glands of Krause and the iinstripcd muscle of Muller By 
means of tlii"* fibrous tissue the lovator and recti can act on the formx deepening 
itwhenthoj contract 

Ccntrallj the fibrous tissue becomes continuous with the tarsus 
In the intertendiuous interval that is m the diagonal regions of the formx, 
the conjunctna is in relation to tlicr orbital fat and it is m this region that 
infiltrations and hoimorrhagc such as arise in fracture of the base of the skull 
reach the conjunttua and ma\ extend to the cornea (Charp\) 

The formx is well supplied with vessels and a nch venous network can be 
especially well seen in the inferior forms where also the whitish aponeurotic 
txpinsion from the inferior rectus and inferior oblique shows through the con 
junctiva iTiicbs) 

A knife passed through the upjwr fornix will enter the fibrous tissue between 
the levator and siijierior rectus, while through the mfonor fonnx the knife will hit 
the ai>oneurotic txpinsion from the inferior rectus and inferior oblique 
(big 100) 

3 The Bulbar Conjunctiva a thin and so transparent that the wliite sclerotic 
shows through it giMng rise to the white of the eye 

It lies loosely on the underlying tissues eo that it can easily be moved apart 
from them lliis movement takes place slightlv with all movements of the eye 
it is made cv ulent m the living In pressure on the eonjunctiv a through the low er 
lid and the ojierator knows limv easy it is to pick up a fold of bulbar conjunctiva 
w ith forceps 

• Sto 11 \ rehow Orarjt Saeir vol i pt { 
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The bulbar conjunctiva is at first m relation to the tendons of the recti muscles 
covered by Tenon’s capsule 

Thus, m exposing these tendons, for instance in tenotomy, ire mu^t divide the 
conjunctiva, then the capsule of Tfcnon before they are reached 

In front of the insertion of the recti tendons the bulbar conjunctiva lies on 
the anterior portion of Tenon’s capsule Up to a point about 3 mm from the 
cornea the conjunctiva is. separated from the capsule of Tenon by loose areolar 
tissue, in Tvbich ire find the subconjunctival vessels, and betueen it and the 
sclera is the loose episcleral tissue in the antenor portion of Tenon’s space In 
this space ve find the antenor ciharj arteries, which form the pericorneal plexus, 
and the tendons of insertion of the recti muscles 

At about 3 mm from the cornea, the conjunctiva, Tenon’s capsule, and sclera 
become much more closely united * 

At the pomt of union the conjunctiva is sometimes raised by a slight ridge, 
which becomes very apparent m certam inflammatory conditions, notably spring 
catarrh This portion of the conjunctiva is knoivn as the Imbal conjunclnxi 

The Structure of the Conjunctiva vanes fundamentally m its different portions 
On this depends the limitation of certain pathologic<al processes to definite areas 
(Parsons) 

Only m the new bom is the conjunctiva really normal, for owing to its exposed 
condition slight pathological changes are apt to take place from the earliest 
age 

The conjunctiva, like all other mucous membranes, consists of tu o la} era— 
the epithelium and the substantia propna 

The Epitheliom.— As has been said before, the margmal portion of the con- 
junctiva has the stnicture of skin, but is not keratimsed 

The conjunctiva is not uniform in thickness It consists, as classicalU 
described of two * layers The deejier laj er is composed of Jlatttned cells v lio^e 
oval nuclei he with their axes jiaralJel to the surface The superficial lajcr 
consists of tall ajUndrical cells, wliose oval nuclei he near the base of the cells 
and haa e their long axis at right angles to the surface 

As the fomix is approached, there is a tendency for a third laj er of pol> hedral 
celb to be mserted between the other two So that at the flinirv, afthough gener- 
all} the structure is hke that of the palpebral conjunctiva, ue often find three 
layers instead of two 

From the fomix to the hrabus the epithelium becomes less and less glandular 

> For this reason although it is more difficolt to mao a fold of conjuiietira close to the cornea 
a much firmer hold can be obtained hero with foKeps llion elscnchere (see Tcmeii) If, however, 
the underlying tendon of a rectus muscle bo mcluded in the gnp of the fotceps gocxl fisation eon bo 
obtained at some distance from the cornea 

* \Uhough this 13 the classical description one usuaUv finds numerous areas m the adult pafpef.rai 
conjunefna (which cannot be regartled as pathological) where the epithelium consists of many 
layers (Fig 104) 
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with a disappearance of the goblet cells, and more like that of the epidermis, but 

it never becomes keratinised 

More and more poljhodrul lajers aie added between the sujierficial and deep 
cells The superficial cells liccome flatter, while the deep cells grow taller At 
the limbus the epithelium h definitelj stratified mth the formation of papilla;, 
which gi%e the deep aspect of the epithebiim a characteristic wa%'j outline 
(Fig 22j Here the dec(>est or basal cells form a single lajcr of small cylindrical 
or cubical cells, with iv large, datklv staining nucleus and little protoplasm It 
IS this fact that produces the dark line or seam seen under the low power of the 
microscope, and characteristic of the bulbar conjunctiva, (Fig 22) Jloreocer, 
the bi'^al cells often contain pigment granules 

Tliere are several la^c^s of j-iol 5 goiial cells, and supeificiallj one oi two la 5 ers 
of flattened cells with oval nuclei parallel to the surface 

The jioUgonal cells differ fiom those of the cornea m having no prickles 
between tliem At the limbus m tlie 
angle between the epithelium and the 
sclerotic thechononoftheconjunctivn, 
Tenon’s capsule, and the episclcra are 
fused into a dense tissue 

Goblet Cells occur in all portions 
of the conjunctiva, hut are most 
mimcroiLs m the formces, osiiociallj 
the lower one, and on the plicn semi* 
lunaris (Fig lOh) 

Thej are large, ov al, or round cells 
which look hkc fat tells The nucleus 
IS flattened and is near the base of 
the cell (Fig 104) 

Thej are said to be formed from the decjwst ‘ lajer of the conjunctiva, i c 
from the cjhndncalcelU, and then to pa‘-H tow an!" the surface, tending, however, 
to romiin attached to the basement membrane bj a jiomted jirocess 

At fir't loiindcd, thej grow larger and more oval as tliev ajiproach tlie surface, 
w litre thej rc'-emhle the goblet cells of the large intestine, but iliffer from these 
iti being destrojed mite thej have discharged their contents 

The superficial gohlet cells, too, liavc a stoma, through wluch the contents of 
the cell, miinlv mutm, i'. discharged 

Tlie goblet cells arc true, unicellular mucous glands, nioistetiing and protecting 
theconjiinclivaand cornea, wj tint eveneahrjwition of the lacrimal gland becomes 
uuiociious, whilst on the other hand xerosis of the conjunctiva, involving their 
dest ruction, leads to desiccation, in spite of a copious flow of tears (Parsons, Greeff) 

< VMiilo ihiii IS tl>o usiiil (K*4<ir)iCiun LGUkin, tlic miilior, nrxl olhpni tuno men goblit 

cclU in tlm Iwuil ln\er 
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Although goblet cells occur normillj m tlie conjunctiva the} are greatly 
increased in inflammatory conditions 

Melanoblasts, or cells of Lmgerhans, are present jn tlie conjunctiva of the 
coloured races In the ulute races the cells are present but not usually pig 
mented The melanin can, however always be brought out bj the Dopa reaction 
or the silver stain of Masson The pigment is manufactured by the cells of 
Langcrhaiis w ho«e body lies m the chorion 

TliC'-e cells are found at the limbus at the forma in the plica and caruncle and 
at the site of jicrforation of the antenor ciliary vessels 

The Conjonctivai. Glands 

TheGlanih 0 / JCrau^t^re accessory lacnmal glands placed between the tarsus 
and the inferior lacrimal gland, of which indeed they are off shoots^ They are 
laigo serous, acmo tabular glands having the same structure as the main lacnmal 
gland (hig ^0) 

There are forty two m the upper and six to eight m the lower forms 
Krause) Their ducts unite into a laige duct or sinus, and open into 
tho fornix 

r/ie GUouIhoJ 11 ol /n«g and Ciaccio are larger than the glands of Krause, but 
have the same structure 

There are two to five in the upper bd, sitimtod actually in the upper border 
of the tarsus, about its middle, betvrcen the extremities of the Meibomian 
glands 

^ /fenfe s " G/aiids " occur m the palpebral conjunctiva between the tarsal 
plates and the fomiccs' Tlicy arc probably not true glands, but folds of mucous 
membrane cut transversely They resemble laeberkuhn’s cryTits in the large 
intestine, and arc lined by epithelium, which is like that of the surrounding con- 
junctiva 

The_O laJtds oj ^lartz are saccular or utricular glando found at the limbus in 
the pig, calf, and os They liavc also been described in the human, but this is 
not generally accepted 

Tbe Substantia Prppna consists of two portinna— a superfiaiaJ adanmd Jajer 
and a deeper fibrous layer Tlie adenoid layer is not present at birth, but is 
formed first in the region of the fomix at 3 to 4 months It is the formation 
of this adenoid layer, together wath a general mcrease in the surface area of the 
conjunctiva, that produces the folds in the upper part of the palpebral conjunctiva 
at the fifth month (Raeldmann) 

TM Adenoid Layer is thin, but most developed m the fornix, being here SO- 
TO p. in thickness (Viilard) It consists of a fine connective tissue reticulum, in the 
meshes of which the lymphocytes lie This layer ceases at the subtarsal fold, so 
that the lymphocytes vvluch are normally present under the conjunctiva in large 
numbers are not found m the maigmal conjunctiva (Fig 99) 

10 
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Altlioiigh nodiile^i ofl5•ml)hoc^'tes ore found m the human conjunctna, csjwci 
ally towards the angles thcj usunllj fade off at the irenphery, and do not form 
tnie follicles such as are found esj)eciallv in the lower form’s of the dog, cat, 
rabbit, etc Pathological de\elo|>ment of these nodules leads to the formation 
of undulations on tho surface — pseudo papillae (Parsons) 

The Fibrous Jjiyer is gcnetally thicker than the adenoid, but is almost non 
existent over the tarsus, with which it is continuous 

Actuall} this layer belongs rather to the subconjunctival connective tissue 
than to the conjunctiv a It is fonneil i>osteriorIj bj the exi»ansions of tho sheaths 
of the levator and recti imisclcs and anteriorly by the capsule of Tenon 

In it are found the vessels and nerves to the conjunctiva the unstriped muscle 
of Mullet, ami Krauses glands, which are as it were encajwviled by it (ViUard) 
Conjunctival PapiUse. — ^True papill'c are found only at the limlnis (Pig 22) 
and at the hd margins 

Tliose near the limbus are finger like extrusions of the substantia propria, 
the interspaces of which are filled with ©pitholium vrhilst the surface of the 
epithelium remains fiat There are usually onlv foui or five large papilla (oO p 
high) near the cornea, and three or four smaller ones more penjibenllv (Villard, 
quoted by Parsons) 

The plateaux (and grooves) found at the upj>ei border of the tarsus are not 
true jiapilliD hut may become so pathologically Virchow also described pipin'© 
over the w hole of the conjunctiva tarei but this is denied by most other observ era 
Arteries —“The arterial supply of the conjunctiva comes from three source* 

1 The peripheral arterial arcades 
Z The marginal arterial artades 
3 The anterior ciliary arteries 

Of these so far at any rate os the upper lid is concerned the peripheral arcade 
supplies by far the greatest area i e almost the whole of the conjunctiva tarsi, 
the foniix, and the bulbar conjunctiva up to 4 mni from the cornea 

The Peripheral Arceule in the upiwr hd is situated at the iijiper border of the 
tarsus, betvveenthctwoportionsoftiicl©vntor(Fig JOB llf| 100) It gives offtho 
peripheral perforatuig branches, which pass above the tarsal plate and pierce 
the inu'icle of Muller to reach the conjunctiva, under which it sends branches 
upwards and downwards 

The dcscenduig branches supply nearly the whole of the tarsal conjunctiva 
Ihey run pcrpcndicularlv to the lid margin, and anastomose with the much shorter 
branches of the marginal artery w hicli ha\ e pierced the tarsus at the subtarsal fold 
The 7one of anastomosis is but slightly vascular (I^anger) 

The ascending branches pass upwards to tho fornix, then bending round this, 
descend under the bulbar conjunctiva as the posterior conjunctival arteries 
(Fig 100) They pass towards the comeaal 4inin .from which they anastomose 
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%\jth t!ie anterior conjunctival arteries branches of the antenor cihanes The 
posterior conjunctival ^essels are mobile, moving ■with the bulbar conjuncti%a 
The peripheral arcade of the lower lid is, when present, placed in front of the 
inferior palpebral muscle of JIulIer and then generalh beha^ es as does that of 
the upper lid But it is inconstant and may come from other arteries beside 
the lacrimal, for instance, the transverse facial or superficial temporal 

It IS often absent, in which case the conjunctiva of the lower hd, the louer 
fomix, and inferior portion of the bulbar conjunctiva get their blood supply from 
tiie raargmal arcade or from the muscular arteries to the mfenor rectus (Fuchs) 
The Marginal Arcade sends its perforating branches through the tarsus to 
reach the deep surface of the conjunctiva at the subtarsal fold 
These branches divide into marginal and tarsal twigs 

The margmal arterioles run perpendicularly to the hd margin, formmg a very 
V a«icular zone , the tarsal arterioles run perpendicularly to meet the corresponding 
bfcanches from the peripheral arcade 

The tarsal conjunctiva is well supplied with blood, hence its red colour The 
colour dummshes as v\e pass towards the form\ and the bulbar conjunctiva is 
colourless except w hen its ve««els are dilated due to infiammation 

The Anterior Ciliary Arteries come from the muscular arteries to the lecti 
(Figs 37, 106andl07) Eachmusculararterygivesofftwoanteriorciliaries,escept 
that to the external rectus, which supplies only one 

The anterior ciliary arteries pass forwards on a deeper plane than the posterior 
conjunctival They are, however, visible, but appear darker than the superficial 
vessels Some 4 mm from the cornea scleral junction they bend towauls the 
interior of the eye and pierce the sclera to joui the circulus indis major, which 
they help to form (Figs 37) The hole m the sclera is often marked by 
pigment 

At the bend the anterior cihanes give off the anterior conjitnchial arteries, 
which pass forwards at a deeper level than the posterior conjunctival vessels 
(Fig 106) They do not move with the conjunctiva The\ pass forwards 
and, anastomosing -with each other, form a series of .arcades parallel to the 
comeal margm which more antenorly gives place to the pericorneal jilexus, 
wjiile posteriorly tliey send twigs which anastomose vnth the posterior con 
jimctival arteries 

The pericorneal plexus is arranged m tvro layers a superficial conjtinclixxil 
and a deep episcleral (Figs 22, 19) 

The superficial portion is injected tn superficial afi'ections of the cornea, uhle 
the deeper portion ts hypercemic in dueases of the irts, ciliary body, or deep portion 
of the cornea 

It is the dilatation of the deeper portion tehich giies rise to the characteristic 
rose pinl band oj “ ciliary injection ” Jl ivtU be noted that the redness disappears 
on pressure, but the lessels do not mote tetth the coiyimc/irc 



148 ANATOJIY OF THE EYE AND ORBIT 

In conjunrUiilis the btiVmr conjunclitxi becomes brtcl red, due to hyperiunia of 
the ch^e neluvrl of small auperfictal teaaeh uhich, dented from the posterior con 
junctnnl, are normally almost tmtstbh The redness tncrenses toicards Ihefornices 
and yets less as u-e approach (he cornea , li does not fade on piessnre The res^els 
moie uith the conjunctiin 

All the abate facts are explained by the anatcvncal arrangements of the tesseh 
Thus ne set that although goinal by anastomoses the areas supplied by the pal 
pebral arcades on the one hand and that ukteh gets its blocsl supply from the anterior 
ciharies on the other hand are more or less sharply differentiated, and ih affections 
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of the coiijuncliva the teasels of the former area are injected, the redness increasing 
tonards the fornix, uhiU in deep tnjlammahon, that is of the ins and ciliary borly, 
the iieluorL of teasels around the cornea coining from Ike anterior alianes forms a 
characteristic rose pinh band 

In interstitial lerafilis the newtessela that tnvade the substantia propna of the 
cornea come from the anterior ethanes as these are jiasstng through the sclera to reach 
the iris and ciliary body They are thus, since the sclera ts opaque, only visible up 
to the limbius 

The Conjunctival Veins accorapatii but are nuicli juoro numerous tlian tiie 
corresponding arteries For the most part le from the conjunctiva torsi, 
from the fonux, and the major jiortion of the bulliar conjunctiva, they dram 
into the jmlpehml \eins. 
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Corresponding to the peripheral arterial arcade of the upper lid, there is an 
important and ^veil-marked venous plexus, which, placed between the tendons 
of the levator, sends its blood back to the vems of the levator and superior rectus, 
which again drain into the ophthalmic (Fuchs). 

In the circumcorneal zone supphed by the anterior cilianes the corresponding 
veins are less conspicuous than the arteries. They form a network some 5 to 
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6 mm mde, which drains into the muscular veins. It becomes apparent 
in hyper.'emia (Merkel). 

Lymphatics. — ^The conjunctival Ijinidiatics are arr.inged in tivo plexuses. 

A superficial, composed of small vessel-?, placed just beneath tlie vascular 
cajullanes ; and a deep, consiisting of larger vessels situated in the fibrous lajer 
of the conpinctiva, and receiving the lymph from the suiierficial plexus. 

They dram towards the commissures, where they join tiie lymphatics of the 
lids those from the outer side go to the parotid nodes, and those from the inner 
to the submaxillary Ij mph glands. 

Nerves. — The nerve supply of the conjunctiva is derived from the same source 
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fts that of the Ini'* generally , hut the anterior ciharies suppl> the cornea and cir- 
cunicorneal zone of the conjunctiva and the I'lcrim'vl and infratrochlear siippl} n 
much larger area of conjunctiva than of skin 



Nene EiuUrg'i — ^The nerves luaj 
end m 

{a) Free endings 

(A) In the end bulbs of Krause, 
and, according to Crevatin, 
m 

(c) Tufts, or 

(d) Ribbons 

(o) Free Endings — ^The nerves Inv 
ing lost their injehn sheath, form a sub 
epithelial plexus in the superficial part 
of the substantia propria From this 
fibres jnss to form an intra cpithclnl 
plexus around tlie bases of the epithelial 
cells and send free nerve fibrils between 
these cells 


(t,^,tHnrr.p^r.n^O jiulbS of KmilSC AK 

round or ovoid bodies from 0 02 mm too 1mm in length Each is surrounded 
bj a connective tissue envelope continuous with tlie nerve sheath and lined h\ 
endotlielial cells In this h found a twisted mass of fibrils One or two nerves 


enter the envelope, lose their m>elui sheath, and join the central mass 

The-e end bulbs are espcciall> abundant in the njiper and outer part of the 
conjunctiva m the area supplied bj the hcrinnl nerve (Ciaccio), but are aKo 
numerous around the cornea and the marginal portion of the lids 


The Caruncle (Fig" 14 and 108) 

liic caruncle {diminutive of Latin, rnro, flesh) is a small fleshx looking ovoid 
bodv some I mm m height and 3 mm broad, situated m the lacus laciimahs to 
the inner side of the plica semilunaris 

It u attached to the plica, and fibres of the internal rectus shevtli enter its 
deep surfivee Thus it i« most prominent when the cjo looks outwards, being 
pulled on bj tlie jilica, and becomes deeplj recessed vvhen the eje looks inwards 
and soinelitnes follouing tenoloini/ of the internal rectus^ 

It H reallv a piece of modified skin, so is covered bv modified stratified cjutlie- 
limn, and i« supplied with hairs, sebaceous and awe it glands It differs from the 
skin m containing glands like those of Krau>« The epitkehnm resembles that of 
the hd margin and tlie sujierficial Inver is also not keratiiiiscd Also tow nriLs the 
tonjunttiva, goblet cells are found These mav occur singlj or ingroups, forming 
a kind of uemus 
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TJie SfbaceoN^ Gltnuh resemble tbo e of 7eis and 'Meibonuns Jiiej produce 
the chanlctcrl^tIc white pocretton not infivqucntl^ fotind at the inner canthus 
T}( McMhfed [j.tcr\mal Giamh arc often conspicuous fitructurcs Thej do 
not rtprc-'cnt the gland of Harder which is aWnt m the human 

The Ilairi* ‘some fifteen in number are fine colourless and directed towards 
the nO'C 

In tlie depth of the caruncle the abundant connoctivo tissue is in relation with 
the ceptuin orbitalo and the medial check h^anicnt 

Blood-supply — Ihe superior medial paI{lcbfalarter^ Ihe branches to reach 
the caruncle ha\e to pass through dense connective tissue This keeps them 
patent when out and results m free bleeding nsdocsasumlar arrangement mthe scalp 
Lymphatics — ^Tbese dram mto the aiibmaxillarv Iv mph glands ^ 

Kerve-supply — Ihc mfrvtrocblcar nerve 

Till Puct, SriULtNAWS 

The plica semilunaris is a narrow crcsccntic fold of conjunctiva placed vertj 
calh witlnts concavitj ficingoutwanl>andhinghtcnltoandpart!\ undercorer 
of the caruncle Its lower horn reaches to the middle of the lower fornix while 
the upjicr docs not pa«J5 up «o f ir The outer border is free and separated from 
the hulliar conjunctiv a hv a small iiil-de sac some 2 mm deep present w hen the 
eve looks inwards but almost di'.apjieanng when the eve lool s outwards T1 e 
pink colour of the plica is due to its vascularUv (Fig lOS) and contra^its w ith the 
white of the sclera In structure it i3 like that of the rest of the bulbar 
conjunctiva but the cjuthelium instead of six lasers consists of eight to ten 
and tho deepest laver instoad of Jieing cubical j> cvhndrical and it contains 
a lobule of fat and some unstriped muscle sujiplied bj the sjrnpxthetic 
Goblet cells arc particiilarlj numerous (Fig 108) 

The goblet cells maj be su|>erficial or groujied and then open on the surface 
h\ a narrow duct (intrv-epithehal gland of Turneau) Chromatophores called 
cells of Langerhans are alwavs present Thej max be n on p igm ented m fair 
people but can always lie demonstrated b\ the Dopa reaction and in other waj-s 
Tie connective tissue stroma of the plica is loose and contains numeroin* 
veil els and sometimes a nodule of cartilage At the base of the plica there is a 
lobule of fat and sometimes some iinstnjied muscle fibres 

Sunilarstnicturcsarefoundmrelation to thecoruncle and comefrom the internal 
rectus and more espcciallv from the medial capsulo palpebral muscle of Hesser^ 
The plica represents the 3rd cxelitl* or nictitating membrane of the lower 
ammaU Lind«aj Johnson (quoted bj Teacher Collins Trims Ophlh Soc 
1921 xh) saw a bov who had an obvious nictitating membrane which reached 
almosv up to the cornea and was capable of riight movement 
• Si b}ie (IS'*®) I o -exer m ^»pos«l to lb s rte r 
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Tiif JjAcniMAL Apparatus 
llie lacrimal apparatus is constituted ns follows 

Tlie lacrimal ‘ ghnd situated nix \e and to the outer side of tl e globe of tl e 

* Tho lacnmnl g!an 1 an I fa fears are o ly presmt u tl ose animals tth cl I ve a r In fisl es 
for stance tiero s no lacnmal gland tiosraler n nh eh tliej I le act ng n place of lean 
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eye secretes the tears and pours them through a senes of ducts into the con- 
jxinctival sac at the upper fornix 

The tears now moisten the front of the eye, lubricate it, prevent fnction 
between globe and lids, and also desiccation of the comeal epithelium * 
Some of the tears evaporate, but the rest make their iraj inwards to the 
iacus lacnmalis, where they pass into the puneta situated in the margin of the 
lids From here they are conducted by the (I'lerimal) canalicuh to the lacnmal 
sac, and then pass into the na'^al duct, which opens mto the mfenor meatus of 
the no'«e 

The I*acreual Gland 

The Lacnmal Gland consists of two portions (Figs 142, 146, and 147) 

(i) A large orbital or suiicnor portion , 
and (u) A small palpebral or mfenor portion , 
which are, however, contmuous behind The Orbital Portion is lodged in its 
fossa on the antenor and outer part of the roof of the orbit It is shaped like an 
almond, and hence w© have for exaromation a superior and inferior surface , an 
anterior and posterior border, and an mner and an outer extremitj 

The Superior Surface is convex, and lies in the fossa on the frontal bone, with 
which it 18 connected bj weak trabecula? 

The Inferior Surface, shghtlj concave, hes succe^siveU on the levator pal* 
pebrae, the expansion outwards of this niu^tcle, and the external rectus (Figs 
144 and 146) 

TheAnfertorBorihr i-^ sharp and m contact mth the septum orbitale 
Hence, to reach this portion of the lacrtmal gland from the front, one ha4 to divide 
ahn, orbicularis, and aepium orbitale 

The Posterior Border, more rounded, is in rehtion with the orbital fat in the 
•same coronal plane as the posterior pole of the eye 

The Inner Extreniili/ rests on the levator — the outer on tlie external rectus 
The Palpebral Portion, al^o flattened from above down, is about one third 
the size of the orbital portion, and placed so that the anterior border lies just 
above the outer part of the upper foinix It can be seen in this situation through 
the conjuncti\ a w hen the upper Jid is everted 

It hes for the roost part on the paljiebral conjunctiva, but partly also on 
the BUjienor palpebral muscle 

It is separated from the superior portion bx the expansion of the levator, 
but behind this its posterior border is m part contmuous with the rest of the 
gland (Fig 14R) 

The Glandsof Krause (Fig Hl)areacce*^n lacnmal glands occumng under 
the conjunctiva from the fomix to the conxex border of the tar«us Tliej may 
• NorraaHi. this goM on without our lieiiig avnre of the proctss either usually or mentally 
But in WjingantJ other condjlions. when exMWitv tears produced these owrflow the lid margins 

end by their macerating action produce the duiFsotmstic ‘red’ e^va of crving 
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be regarded ns a continuation downwartls of the palpebral portion of the laernnal 
gland 

Ftne Duels jiass from both portions of the licnmal gland to oiien bj ten to 
tweUc amall orifice's just in front of the outer lurt of the superior formx One 
or two aWo open into the outer part of the lower fomiT 

Structure — Tlie lacrimal gland 
IS a tubulo-raceino'.e gland uith 
short branched gland tubules rcstm 
bhng the parotid m structure (Fig 
100 ) It coiwists of masses of 
lobules each being about the size 
of a pins head It is not acn 
sharply differentinted from tliesur 
toimdmg adipo c tissue and fat is 
also found between the lobules 
Tlie nemi consist of two la\ers 
of cells placed on a thin !i>nlme 
basement membrane and surround 
ing a central canal IIio colls of 
the basal la^erarenijoepitlielial in 
tharacter and are flat and con 
tractile the other cells are cjlin 
dncal and form the true secreting 
cells At rest those contain granules 
After secreting for some time the 
cells 1 ccome shorter and the gran 
ulcs disappe ir The secretion of the 
ncmi passes into aerj small inter 
lobulu ducts ojiening into slightly 
larger ducts which are howeicr 
still intennediarv lliese fiinllj 
open into tlie definitive excretorj 
duet 

The smaller ducts have much 
the f.amc structure as the acini hut m the large ducts outside the basement mem 
1 rune is a fibrous coat 

riio inter acinous and inter lobular connective tissue is hardlj present in the 
vouiig but increases with age In it are found plasma cells and l^mpliocjtcs 
winch mav bo aggregated into follicles 

The ducts fiom the orbital jiortion traverse or are in contact with the 
pal[>ebral portion ll thus comes aloul that renimnl of lie ’palpehml lorlion 
pracltcolly does auvy inth the secretion of Ike nhede rjtan I 
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So c'vlled ligaments ha\e liocn descnbecl m connection ^nth the lacnmal 
ghml none honc^cr, de^crre the narao 

(«) Superior to the lacrimal fo^si (= suspen^on ligament) 

(b) Inferior — inferior polo to zygomatic bone 

(c) Poslerxor — where the loctimal nerve and vessels enter to the periorbita 

(d) Internal — accoinpain mg the ducts 

Vessels — ^The Kcnmal arterj which enters it on its postenor border and 
soinetime& a branch of the infraorlatal The corresponding vein joins the 
ophthalmic 

Lymphatics to the conjunctnal Ivniphaties and thence to the preaiincuHr 
glam!" 

Nerves. — ^I-acrmnl great '^ujierficial petrosal and sj mpathetic 

The Ftbrea of the Great Superficial Petro’^al the nerve of tear ‘secretion arise 
in the celK of the nucleus of the glo‘!‘-o pharangeal 

The\ pa«s out m the pars intermedia of the 7tb to the geniculate ganglion 
(but make no cell station here) from which the great superficial petrcwal anses 

This nms m a grooie on the front of the iietrou^. temporal {Fig 139) then 
under the Gas'ernu ganglion to join the great deep petrosal {from the sj mpathetic 
plevus round the internal carotid aricr) ) to form tho \ idian nerve m the cartilage 
of tho foramen lacerum medium (Fig Io3) 

The Vuhan {non e of tho ptcrjgoid canal) joins the spheno palatine (Meckel a 
ganglion) where it makes a cell station From here fibres pass to the zygomatic 
nene and reach the lacnmal gland \ja the anastomotic branch with the lacnmal 
nerae 

The Sympalhehc Ftbre-i come from the superior cetaucal ganglion via 

(а) S>niipathetic nerves on tjie lacnmal arterj 

(б) Great deep petrosal 

(c) Sympathetic fibres m the lacnmal nerve 

The Ptrvcra 

Each punctual lac’omale i** a small round or transaer^elj oval aperture 
situated on a slight elevation thej?aj>illa lacrrmahs at the inner end of the hd 
margin at the junction of its ciharv and lacnmal portions It is m a line with 
the openings of the ducts of the Meibomian glands the nearest of which is only 
0 5 to 1 mm awaj 

The region of the pnnetum is relatively avascular and so is paler than the 
surrounding area This pallor is emphasised on draw mg the lower hd outwards, 
o/ae< of great lalue mending a slenosed punclum 

Tlie upper punctum is shghth farther to the nasal side (being G mm from the 
inner canthus) than the lower wbichisGSmm from thia point Thus when the 
eye is shut the puncta are not in contact but the upper lies to the inner side 
of the lower 
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The upiwr punctura looks donnuards and backwards and the lower upwards 
and backwards so as always to bathe m the tear lake For this reason too a 
Mormol piinclum w only visible if the hrf is eierled 

Each punctum when the eje is opened or phut glides m the groo\e between 
the plica semilunaris* and the globe , and is kept patent bj a ring of verj dense 
fibrous tissue continuous w ith the tarsus which surrounds it Around this again 
are fibres of the orbicularis which have a sphmcteric action Their ntrophv in 
old age mal es the papilla hciimalis more pronimcnt 



Fiu no — DissmiON TO eiiou LAcniMAL ArrAiUTiB Kkiatios or AnouiuIR 1 eiv ai«d AniTiii 

TO ^IpDlAl^ pALrEiriWL I ICAiTENr 

Tiifc CANaUCtrU 

Each canaliculus consists of a vertical and a horizontal portion ll is 
therefore of great iMiportflnce tw jmsatng a pnAo to reinetnber that the caiHihenltis 
runa at first lertically 

The vertical portion is about 2 mm long and then liends inwards almost at 

' I B vhpn the eye la lookit g strn ght ahead tVh n it looks o t» arils it gl dca m tl a groot e 
between the pi ca bi 1 ll e ran ncio 
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n right angle to become continuous with the horizontal portion. At the junction 
of the two is a dilatation or ampuUa. 

Both horizontal portions slope towards the inner canthvis ; thus the upper 
runs do^^'nwa^d3 as well as inwards, s\hile the lower has a slight inclination 
upwards. Some 8 mm. long, the iipjier being slightly the shorter, they lie in the 
lid margin. 

The canalicuU pierce the lacnmal fascia (i.e. the periorbita covering the 
(AntettorJ 



Fu. Ill — HoRizovrAL Section or the Tvnek Portios or the Lower Eyelid, showxso the 
LA raiUAL CAj.iIJCtXLS AT THE JPNCTlO'f Or TltE VERTICAL AND HORIZONTAL PORTIONS, 
smsorvpED by Fibres or the Orbicularis. 

JfO *= gland of 3foJI. Xote goblet ceH< m canjiinctM'a 

(Un«n rrrjwnwKml 

lacrimal sac) separately as a rule, then unite to enter a small diverticulum of tlie 
sac called the sinus of llaier (Fig. 1 14). 

The point of entry lies just beliind the middle of the lateral surface of the sac 
about 2| mm. from its apex. 

Structure-— The canaliculi are lined by stratified squamous epithelium (Fftr, 
111) placed on a corium rich in elastic tissue. The walls are thus so thin and elastic 
that the canaliculus can he dilated three times its normal diameter, which is 
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a ') inm For the same rca=.on, m pulling the lid's outward's and in p'X'S'ung n 
probe the angle between vertical and horizontal portions can be easily etniglit 
cned Also being so clo'se to the edge of the hd and covered by translucent tissue, 
a coloured fluid injected into the canaliculus can be seen 

Like the punctum the cninlicuhis is surrounded bj fibres of the orbicularis 
(Fig HI), which on contraction tend to invert the lower lid and draw the 
punctum inwards so as to make it ihp into the lacus laciiniali'i 

The inner third of the canalicuh in covered m front bv the two bands which 
connect the medial palpebral ligament to the tarsi, while behind tins portion 
IS Horner’s muscle out 



Tiib Laci imai. Sac 

The membranous licrimal sac is placet! in the hcrimal fossa (formed bv the 
lacrimal bone and tlio frontal procc*!® of the eupeiior maxilla) which lies in the 
anterior part of the inner wall of the orbit (see also p 4) 

Tlio sac IS closed above and open below where it is continuous with the 
nasal duct, a constriction marking the junction between the two 

Looked at from the eidcthesacnndfossa arc seen to slope backwards 15-25°, the 
line being given bj joining tlie inncrcanthus to the Istuppcr molar of tbesame side 
From the front the sac slopes gently outwards tlie duct shghtlj inwards 
The two thus make an obtuse angle ojicn inwards (Fig 114) 

The sac is enclosed bj a portion of the periorbita which, splitting at the pos- 
terior lacrimal crest, encloses the sac to meet again at tlio anterior lacrimal crest, 
and thus forms what is called the faenwurf/o«cf« {Figs 112, 113, 114) 

The lacrimal fascia is pcparatctl from the wic bj areolar tissue containing a 
fine plexus of veins continuous with that around the duct, except at the fundus, 
where it cJoseh adherent, and, sometimes, on jta inner aspect 
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Relations — '\hd\atUj the snc xs m relation above x\ith the antenor ethmoidal 
air cells (Fig 1) (w Inch maj aho at times he behind and even in front of the sac) 
l)olo%\ aitli the muldlo meatvis of the nose Between bone and sac howeaer, we 
nlwajs find lacrimal fasen 

Lateral are the skin fibres of the orbicuians and the lacrimal fascia 
h or the relation of the medial palpebral ligament to the «ac see p 127 
The inferior oblique arises trom the floor of the orbit just lateral to the 
lacrimal fo^^a a few fibres often taking origin from the lacnmal faccia 

The angular acm is the great bugbear in the approach to the lacrimal sac 
Lamg under the akin it cro'i'ses the iiicdiil jnlpebral hgament S mm from the 



inner c<anthu3 ^ot infreqnentlv a tnbutarj of the angular vein which can also 
be seen in the living crosses the ligament between the medial canthus and 
parent vein It ts therefore not w/c to male the ibcisjoh /or the remoial of the sac 
more than 2 to 3 mm medial to the inner canthus 

The lower margin of the medial palpebral ligament is free but it is continued 
upwards and laterally as a sheet which bleiuls with the lacrimal fascia covering 
the fundus of the sac (see p 127) 

As Fishci points out this attachment to the sac may explain how relatively 
slight blows on the eye (as in boxing) may cause swelhng of the hds on bJoavmg 
the nose A sudden strajn i& put on tbeligament which pulls on and tears the sac 
The portion of the sac below the level of the hgament is only covered by a 
few fibres of the orbicularis which offer little resistance to distension and swelling? 
of the sac It ts therefore in the area below the hgament that abscesses and fisUilcE 
mil open 

Behind the sac are the lacnmal fascia and Homer s muscle which takes ongm 
from the upper half of the postenor lacnmal crest runs behind the sac and 


IGO ANATOMY OF THE EYE AND ORBIT 

co\ers the posterior aspect of the medial third of the canahculi Behind this 
again is the septum orbitale, and then comes the check ligament of the medial 
rectus (Fig 113) 

The Sinus o! Maier is a slight dncrticulum from the upper part of the sac 
behind the middle of the lateral surface into which the canahculi open either 
together or pcjiaratelj 



Fid lU — DissFCTiox TO siio« Tue Remtions of tic LAmrUiU. Sac a’td the \aso lacrimal 
DlCT TllON !«• l-BONT 
iJySttn’l frepara m >) 

Tiir Naso lacrdiai. Duct 

The nasolacrimal duct, the continuation downwards of the lacrimal sac 


extending from the so called neck to the inferior meatus of the nose, ls onl^ 
I m in length It lies in a canal formed mainly bj a groove on the maxilla 
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(iigs 3 and 6) and completed bj the lacnmit bone and the lacrimal process of 
the uifenor turbinate It passes backaiards outwards and downwards its 
direction being given bj a line from the inner angle of the eje to the Ist upper 
molar of the same side 

The position and shape of the inferior orifice vary greatly In some ca<!es, 
where it corresponds to the opening of the bony canal at the highest part of the 
meatus it tends to be round , m others it runs as a m&mbranous tube for some 
distance under the mucous membrane and is then found at different points down 



irnm n rvr tfier Iii4it<r) 

the lateral w all of the meatus becoming more slit like as it de'seends It may be 
ver% difficult to find 

Thenaso lacrimal duct is in relation medially wath the middle meatus (Fig 114) 
and laterally makes a ndge m the forepart of the maxillary antrum (Pig 15) a rela 
hon tihidi explains ichy epiphora such a Jreqnenl symptom of groutJis of this sinus 
The Valves — ^Numerous so called xaUes have been described in the nasal 
duct They are simply folds of mucous membrane which have no valvular 
function since fluids can he blown np the duct to come out at the puncta The 
most constant of these folds is the valve of Hasner {plica lacnmalis) at the 
lower end which represents the remains of the foetal septum (see also Fig 114) 
Structure — ^The lacrimal sac and duct are hned by two layers of columnar 
epithelium which is said to be ciliated m places SIucous glands have also been 
described In the submucous layer are lymphocytes which may be aggregated 
into follicles (t pathological) The actual membranous w aU of the sac consists 
11 
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of fibre elastic tissue The naso lacnmal duct 13 curious in having a rich plexus 
of xems around it, forming nn erectile tissue resembling in structure that on the 
inferior turbinate bone Engorgemmt of IkeseiesseU ts tn ttself sttjfiaenl to obslrvct 
the duct (Fuchs) 

W liilst nt Its upper part the nas© lacnmal duct can easily he separated from 
the hone, liclou it is closely adherent, forming a muco periosteum, and thus disease 
may pass easily from bone to ductorticetervt 

Vessels — ^The arlenal supply conies from the superior and inferior jialpebral 
branches of the ophthalmic (Rg 142) , from the angular arterj , from the infra 
orbital artery, and from the nasal branch of the apheno palatine 

The I ci«? aboie dram into the angular and infraorbital leins, ubil© belou 
thej nin into the nasal xems 

The Lytnphalics pass to the suhmaxillarj the retro pharjngeal, and deep 
cen ical glands 

The Nerves — ^The nerve supply of sac and duct comes from the infratrochlear 
and anterior superior alveolar 

Tliero 13 probnbli a reflev relation between the ncr\e supply of the lacnmal 
glaiul and sac, for extirintion of the latter greatlj diminishes the tear flow 

Titr CovDUcno'T or Tin: Tnaits 

Thu tears formed b\ the lacnmal gland are secreted into the outer part of the 
upper fornix From here thei flow over the ejo Part of tho tears evaporate 
the rest pass to tli© lacus lacnmahs probably by the contraction of tho orbicularis, 
which, being more fixed on its inner side, tends to draw the outer part towards 
the tio'-e (nmesago action of the orb/cuhris) 

Now we must consider how tho tears 

(«) Get into the lacnmal sac. 

(6) Arc dischorged into the nose 

The tears get into the canahculi partly through capilhnt^, partly throuth 
tlie canahculi becoming shorter and wider dunng contraction of the orbicularis 
(Halben) 

The orbicularis is attacheil to the internal palpebral ligament, and this is 
attached to the sac Hence, when the orbicularis contracts, the ligament is 
pulled upon and tho lacrimal sac is JiJafctl and so suohs in tho tears 

Similarh, Horner’s muscle w attached to the fascia covering tho posterior 
part of tho sac, and when it contracts will also dilate tho sac We must, however 
add here that some hohl that Homer’s muscle has the opposite action namely, 
that it compresses the sac to expel the tears 

The tears are expelled from the sac bj its own efasticitj Hence, m those 
jiathological cases in which the lacnmal sac has lost its elasticitj (atonj of the 
sac), the downward conduction of tears is arrested, although the nasal duct is 
quite patent (Fuchs) 
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The tears pa'ss into the na«al duct rather than into the canahcuh, becau*'© the 
former has a ivider calibre, and moreo^e^ the doimuard direction is helped by 
graritj 
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CHAPTER IV 


^'OR^UL APPEARA^'CES AS SEEK WITH THE SLIT-LAMP AXD 
CORNEAL MICROSCOPE 

Tire CoNjiTscnvA 

The Bulbar Conjunctiva shows it-ielf as a transparent membrane in n hieh the 
most striking feature is tlie vessels 

The'se form a superficial bright red anastomosing sjstem which is easily ths- 
tingmshe<l from the more deeply placed reddish blue episcleral res«ela The 
''HperfienI vessels mo\G -with the conjunctiva, vihich occurs normallj with each 
blinking movement of the lid« 

Usually it IS impossible to distinguish arteries and v eins 
Visible streaming of the blood m the vesseU can easih be made out Usually the 
blood current has a somenhat granular appearance But m the smallest tes-^els, 
especiallj at theloops, the blood column is not jnfrequentlybrokentip.andoneeees 
clumps of red cells or ev en individual cells moving in a soroeu hat staccato manner 
At the limbus the conjunctiv a passes over into the transparent cornea without 
1 sharp hue of demarcation 

The Palpebral Conionctiva— seen b\ everting the hds — is smooth and trans- 
parent, and the chorion presents a rich vascular network, m which one can 
distinguish a fine subepithehal plexus and larger vessels running at right angles 
to the lid margin, which are derived from the tarsal arches 
T«B CORVEt 

Mlien the sht lamp beam passes through the cornea it forms a characteristic 
prism, or more correctly a parallclopipcd 
In this wo recognise four surfaces 

The. anienoT, corresponding to the epithelium , fAe posterior, corresponduig 
to the endothelium , and the lateral surjaces, which form the areas where illumi- 
nated and non illuminated portions of the cornea meet 

IVith a certam mcidence the liglit may be reflected from the anterior and 
posterior surfaces of the cornea with mirror-hke bnghtness, and give rise to what 
are called the anterior and postenor zones oj specular rejlectwn 

The Anterior Surface appears smooth, trartslucent, and on it can be seen 
tears and mucus 

The iSirorna appears somewhat nul^, and has a faintly reticular structure, 
which Koeppe holds is due to lymphatics, a vievr which cannot be upheld 

The Posterior Endothelium can be seen quite clearlj (m the postenor zone of 
specular reflection). 
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FlO 110 — OlTlCAT SKCTIW* f)T THr !• yE AS rROUD(.BI> By A MoDEBATK 131.AV OK THE istTt LAMP 
The ^ anouK partmna nro represente I aa being m fociit aimiiltaiieoLisIy Tu Che left ta the oplicnl 
aeclion c f the conint then ooinex a <Urk mtenal reiireaenting thp nqueoua neyt la the optical 
eection of the lens nith its liaiKii of discontuiuity «n<) Y anturcs , behit d this the retro Icntal 
space IS represente 1 dark wlulo the \ itreons w roost posterior 


Tlie colls appear slightU jcHow m colour Thej are mostly he'^agonal, some 
times pentagonal, rnrel} aquarc and form a mosaic Sometimes their nuclei nnj 



l>o Tisihle 

Near the limbus dark areas arc scon m the 
mosaic These are probably due to the (Hassall* 
Henie) Marts on Dcsceiutt’s membrane 

Bowmans and Descemet’s membranes are 
normallj not teen, but become visible when 
pathologicall) altered 

The Line of TurcL is a aertical lino seen in 
children from 7 to JO years old, and due to a 
deposit of leucocytes at the back, of the cornea 
The Limbus appears as a transitional rone and 
has n dentate border Its limits are not so well 
defined with the slit lamp as with the naked eje 
Here wo find vascular loops placed between 


lio 117 — TheCorveal I’msM the brilliant tongue shaped prolongations of the 


(pAnALLFtoriPfDj sclera 


Tlie light la mtmng from tho 
left III tlio nntenor mni* of 
apeculnr reflection nro lenra an<l 
HHKwa m tho piwtenor n tus 
one aces iho endolhelium nnd 
HorkrII llenie bodies (lieen as 
block apota) 

r»jl) 


The blood ae^sels which come from the con- 
junctna and sclera have their connecting loops 
at the limits of the transparent area 

Veins and nrtenes are distinguished with 
dilBcultv The colour does not help much 
Usually one can decide hj the direction of the 



^Oll^rAL APPEAPA\CES 


blood current But e\en this maj be misleading For the current in a certain 
ve‘5':el maj be at times towards the cornea at others an ay from it 

Sometimes a palisade appearaiire which la. due to whitish tracts derived from 
the sclera is seen at the Umbus more frequentlj at its 
upjier and loner parts 

The Comeal Kerves are euMly seen They are most 
numerous in the middle and anterior lasers of the cornea 
The\ appear as about thirty whitish filaments which are 
better marhed near the limbus where they still haie their 
m\elin «heath The myelin alwajs disapjiears before the 
first division of the nerve which is usually dichotomous 
The nerves never anastomose infrequentij thea 

pre«eiit small nodosities usually at a bifurcation which 
Koeppe holds are congenital neuro fibromata 

The Avtebior Ciioiber 

The anterior chamber is almost but not quite optically 
emptv With the ordinary broad sht lamp beam it 
appears quite black but wath a verj bright narrow pencil of light especiallj if 
oscillating a faint relucence along the path of light can be made out (the 
aqueous flare) (Graves) 

This 13 due to the fact that the normal aqueous contains very small particles 



Fio 118 The 
EvnoTHEUVii at 
TOE &1CS OF THE 
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Fin 119 — Diagilui 8tto\n>c 
TttB TavBMic CraccLATiO'* or the 
AqiTEDCs Hraovp 

On tl e left (a) sag ttal sect on of 
the anter or chamber o > the nght 
(b) frontal view In b s seen the 
line formed bj microscop c depos ta 
on. the pOBtenor autface of the 
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which are not big enough to be re«olved by the rnagmfieation used M hen larger 
particles are present they are lit up like dust particles m a beam of sunlight pass 
mg across a darkened room 

Convection Currents — ^The cornea is cooled by the air The aqueous there 
fore behmd the cornea IS cooler than the aqueous in front of the iri> Convection 
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currents are thus set up, the aqueous sulking hehuul the cornea and rising in 
front of the ins Particles in the aqueous inll follou these convection currents, 
w Inch nre no doubt rcsjionsiblo for the lino of Turck (see Pig 11 'I) 

The Iris 

Embrjologicallj and for descriptive purjwscs we ma\ divide the ms into three 
lajers tv\o anterior, which are mesodermal m ongm, and a posterior the retinal 
portion which is ectodermal (Fig 120) 

The structure of the ins is seen to differ widely in normal people, and this is 
essentiallj dependent on the amount of stroma pigment 

The superficial lajcrs of the blue ins which contains ver> little stroma pigment 
appear as a delicate diaphanous tissue, the fibres and trabeculoj of winch look 

Tlf 1-^0 — DlACRASC liKOWP>a 
lurSrurmnE or tub Ima 
The rofmol layer appears at Ihe 
piljje of the pupil where it fonu* 
llie pignieiit bonier Tlie meao 
clcrrmc !«> er is eeparal lo into a deep 
Injer nmning from the root of the 
ins to the pupil tuul a suierficiiil 
the o\l»1 limit of w1 leli forms the 
<o1I<rctte S\I — sui ernnal ine«) 
ilermtc Injer DM = deep incsci 
dermic Jojer PR — |>ostenor 
retinal Injer The eripis of the 
ine situated in tie cilinr> portion 
mH> bo eonaiiiered na op* mugs ihs 
tnhuted m tho miperfleuit rmrso 
dermic lajir (anterior) P « pig 
mimt bonier C « colUrellc H — 
rootcifina (lnm£iib)) 

like trvnspirent wool (Koby) The dark ins presents a more compact structure 
on which tho vessels nre not visible except at the crypts The surface is smooth, 
and resembles tinder 

Usually elumjis of cbromatopliorcs producing jellovv or brown patches can 
bo seen , but tho structure of individual pigment cells cannot be made out with 
the slit lamp m tho human 

The superficial mesodermal lavcr is shorter than the deep, and evteiuK from 
the ciharj border to the collareUe (circulua minor) winch forms a dentate fringe, 
separated from the undetljmg middle lajer of the ins to a vnrv mg degree 

It IS this sujierficial lajer which gives the ciharj portion of the ins its colour 
In it one finds the ins erj pts, and looking through the^o and the underlj mg deep 
mcsodcrninl lajcr one can, in slightly pigmented indes, see the dark posterior 
ectodermal lajer This latter becomes more and more difficult to see as the 
amount of stroma pigment increases 

Tho crjpts arc bounded by the trabeculw of the collarette, which are the 
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remains of obliterated ae'i'tels that passed to the papiDarj membrane during 
embryonic life {Lauber and Vogt) 

The Deep Mesodermal Layer extends from the ciliary border to the pupdlarj 
edge 

In sbghtlj pigmenterl indes it has ft radial fibrillary appearance and is trans 
parent, so that the deepU pigmented ectodermal la3er la \isible through it 

The Collarelle (circuhis minor) consists of a senes of trabecuJie forming a rough 
and broken circle, and \ anes greatlj m form To it are often attached remains 
of the pupillary membrane 

The anterior me'^odermal lajer is but loosely attached to the deeper one 
and glides freeh oier it It does not participate to anj marked extent in the 
mo\ ements of the rest of the ms It thus comes about that as the pupil dilates 


Fio 121 — DiACftAJi siionaNo 
Tur Rel*tiovs or thc Picvrvr 
DoRUES XVD COLlAttrtTB A^^> THE 
\A-RUTlO\3 rv TOlCIO.Ee8 Of THE 
ronuHR AccoRDi:«o to thp lont 
or THE PCTIL 

To tl 0 Jeft pupil <i lated to tl « 
r cht pupil contTQcte<l 
(rwn Xeif ) 


the pupillarj edge approaches nearer and nearer to thc collarette — so nhen 
the pupil IS uiclelv dilated remains of the pupillary membrane may appear to 
an'^e from the edge of the pupil w hen tliey are octualij attached to the collarette 

There are other changes as tlie pupil dilates 

The pigment ring sho’mng at the pupillar\ border is thinned and maj dis 
appear 

There is a much more decided step between the collarette wlio'^e angles have 
straightened out and the pupillarj matgm the crj'pts become oblique clefts 
The vessels are more tortuous the contraction furrous and tlie peripheral furrows 
are deeper and the border zone disappears 

Tlie ve'!‘'els of the iris can be made out in non or i crj ‘ihghtly pigmented 
indes The radial vessels can be seen passing to the collarette and then foUoxnng 
one of its trabeculie 

Thej do not form a complete circle Hence ctrcwfits indis minor is not strictly 
correct 

The Sphincter India can be seen if the ms contains little or a moderate amount 
of pigment 
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The Edoilermnl L/njer, fis pomtel out above, can be peen tlirough tiie crjpts 
m slightlj pigmented indes Its edge is ‘»een at tbe pupillarj border as a fringe 
of pigment inth a crcnated margin This is much better marked when tlio pupil 
IS small, espeeiallv above The slightest puiullary reaction is made manifest 
with the slit lamp 

The dilatator pupillai and the nerves of the im are invisible 


The Lens 

Wien the beam of the slit lamp passes, through the lens it is obnous that the 
portion ht up (the optical section) is not homogeneous It is divided into a number 
of bands, some of which are brighter than others These bands are called bj 
Vogt the zones of discontmiutj (Fig 
116) In adults ten bands can usuall} 
bo made out 

Of these, the anterior and posterior 
bands (of the lens) corresponding to 
the antenor ami posterior surfaces of 
the lens, are the brightest 

The Fatal Kvcleus, which ropro 
sents the condition at birth, appears 
os two planoconvex lenses with a 
central dark interval which is the nio-jt 
homogeneous portion of the lens and 
the part which has the least optical 

density 

In front and behind the fcetal 
nucleus are the antenor and poetenor 
Y shaped /ndures 

The anterior Y is upright, the pos» 
tenor ls inverted (ji,) contrary to the 
usual anatomical description 
The farther we go from the fmtal nucleus, the more complicated do the 
sutures become 

Around the fcetal midcus arc the aniertor aiul gnstenfir p<»r».pZ«ral l.iwiLi of 
tiie fcetal nucleus More peripheral still are the antenor and jtodenor bands of the 
adidl yivcleiis, w hilo beneath the antenor and postenor bands of the lens are the 
subcapsular bands or anterior and postenor bands of disjunction (V'ogt) 

The *In/morSHr/ncc of the lens docs not appear homogeneous, but is somewhat 
irregular, and gii es an apjwarance re»«erabbng shagreen (anterior lens shagreen) 
At tlio Postenor Surface of the lens, as well as the antenor, there is a zone 
where the light is reflected vmdly {zones of «pccatarre/ec/io«) 

In the posterior zone of siwcular reflection is seen the Postenor Lens Shagreen 



Pie 1J2 — >DtAciu» snow iso Tire Rllatiov 
or Tar Porrmton x or the F<rrAL Ncctrrs 
(?) or TUL AnctATF LiMi (D or tkb Isskb 
T ies o? Twr ItrMAU,# or tjie ilT*aon> Airrenv 
(H) OJ A Ririrt LVE {FromKobj} 

Tho orti la found on the noMl sido sepnmte 1 
from the poatenor polo of Iho lens by the arcunte 
line the concHiity of winch is tum«l towoni* 
the uttoTj 



\OBMAL APPEAPA^CES 171 

It hia n slightly jellon'er tint than the antcnor A marked polrchromatic lu«tre 
in tin po«5tenor region is diagnostic of a complicated cataract 

A cork«creir like remainder of the Hyalotd Aritry nhich moies mtb the 
movements of the eye is often seen fived bN a nhitiah. dot to the posterior aspect 
of the ieiLs just beloiv and internal to its centre and in the concaritj of the 
arcuate line (Fig I’’"’) 

The -ircuale Lite is a uhitish crescent situated below and internal to the 
posterior pole of the len® It is found bj tracing the na*!! branch of po^tenor 
X till it bifurcates 

The Suspensory Ligament of the lens 
cannot be seen in the iionnal ese 
\\Tien the lens is congenitally dislocated 
or absent it mas be made out as con 
sisting of cobueblike strand:* which 
are attached m front and behind the 
equator 

The PEiiAEsS OF the Pi7pellar\ 

MEHBRA^’E 

1 The commonest form consists of 
a senes of bro^ni dots on the antenor 
capsule of the lens usually near the 
centre which when «een with the sUt 
lamp haae a stellate appearance 
These are finer than the remains of 
posterior synechia which al o when 
present m any quantity tend to be 
disposed in a circle 

2. Fine filaments arising from the 
collarette and branching m the antcnor 
chamber are attached to the front of 
the lens where they may end m while 
tufts or pass across the antenor chamber and he attached to another part of 
the collarette 

3 Thick cord like remain* wludti are usually associated with antenor polar 
cataract 

The \itreohs 

Onlj the antenor third of the vitreous can be seen with the slit lamp as 
ordinanly used 

Directly behind the posterior band of the lens is the post lenticular space 
This inth the ordinary broad beam of the slit lamp appears opticallj empty 
le quite black (Fig 116) The less the illumination the deeper does the space 



Fo l‘*3 — Tas Normal Nitreocs Body 
or s ScBjEct or TwrvT\ Nlars the Liobt 
COMC.C FROM THE LeET 

On the left 3 eeen the poatenor ban 1 of tl e 
lens wi era the zone of specular reflect on has 
been avo lied On ts right the \ert al bundles 
of the vitreous, and a second of bundles 

ch efly hor zontal and finer ilsgn ficat on 
about X 30 F guro s) ghtly schema! c 

(From Katf ) 
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appear On the otlier hand \nth higher intensities of illumination faint fihnls 

can be seen crossing this space 

Comberg believes that the space is cajiillar} only hvaloitl membrane 
can be made out mth the slit lamp 

* The anterior part of the \ itreous appears as m avy milkj folds of gossamer 
like texture separated bj intervals which are opticallj emptj — the whole oscillat 
ing with the movements of the eje Tlie folds appear to consist of cn&s crossing 
fibrils Small nodosities maj be seen at the intersection of two fibrillje 

In old age a powdera appearance in the vitreous la quite common 
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CHAPTER V 

THE EXTRIN’SIC MUSCLES OF THE EYE 

The exlnusic niu'^cles of the e\e are so called to distingm&h them from the 
muscles mside the globe, the dilatator and sphincter pupill'e and the ciliarj 
muscle, winch are unstrijicd and named iii/nKstc 

Tlie extrinsic muscles of the eje are six in number, the supenor, inferior, 
medial and lateral recti, and the supenor and mfenor obliques In the 
ca'^ of the supenor and external recti the fleshi portions end m a V, nhile m the 
mfenor and internal the\ end m a dentate hne 

The insertions into the sclera are made bj gh^temng tendons who«e fibres 
nm almost entirely parallel to the long axis of the muscle TltC'e fibres consist 
of fibrous tiS'ue eupjiortecl b) thick elastic fibres Apart from their size thej 
rc'emble the scleral fibres, being made of the same tissue But whereas the 
tendon fibres are practicaU> all longitudinal, the sclenl fibres run m minj 
directions (Fig 30) ThK results in the tendon hanng a glistening silkj appear 
ance while the «c]era is dull white (Saizmann) 

Tlje tendon fibres enter the superficial lasers of the sclera, and soon become 
indistinguishable from it (Fig 30) Onl> the ce^^ation of the thick elastic fibres 
marks the place uhere one begins and the other ends 

Not infrequentlr one finds fibres which leave the mam tendon close to its 
insertion to be attached farther back The^e recurrent fibres may be missed in 
doing a tenotomj (Motais) 

Structure o! the Extrinsic Muscles.— These muscles, as are all tho^e derived 
from the branchnl arches, are more higlih differentiated than anj other mu-vdes 
of the bodi 

Instead of being grouped together m bundles separated b\ dense connectii e 
tissue, the fine fibres are but loosely united and hence easily -aeparated b\ dis«ec 
tion 

In the mterrals betii een the fibres are a great number of nerve fibres It must 
be remembered that each eye ron-clB receives a nerve which is relatneh, com 
pared watli the size of the muscle it supplies, much bigger than. an\ in the body 
Each mu«cle fibre has a diameter of 15 9 22 T p, this being less than other 
stmte muscles Eich fibre is surrounded by a sircolemraa winch contains a 
granular sarcoplasm in wluch mvofibnL mai be ^een This gives the cross 
rection of the fihnl a punctiform appearance Directh under the sarcolemma are 
one or more well staimng nuclei \ 

The connective tc^sue around the fibres constitutes the endomi'sium and 
373 
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contains a large qumtitj of elastic tissue arranged longituclmall^ Similar sejits 
Imt surrounding a number of muscle fibres are called the internal peninjsium 
This contains larger elistic fibres the lessels and nenes and some connective 
tissue cells The internal pcnmjbium is continuous unth the external jierimjsiura 
which surrounds the muscle 

The muscles of the eye are jiecnlisr in the number of ncr\o and elastic fibres 
which thej contain Schifierdeeker believes that the elastic tissue helps the 
muscle in action and regulates the give of its antagonist This contnbutes to 
the making of the dclicacj and smoothness of ocular movements 

The Sheaths of the Muscles — From the ongm for two centimetres the sheath 
IS practieaUi non existent being ver\ thin and transparent so tint tlie macro 
scopic structure of the muscle is easilj visible From the le\ el of the back of the 
globe it becomes tluckcr opaque and disposed m two lajers the outer or 
orbital lajer with circular fibres and the inner with longitudinal fibre® The 
inner is continuous w ith the internal penmjsmm 

Tin: Actions op the Eyt JIuscles 

Alovemcnts of the ejcball take place round the centre of movement which 
correapontU approximate! j to the centre of the eye The ejeball aa a wliole 
therefore is not displaced 

The movements may be resolved into those taking place round the three 
; rimoi^ axM which pass through the centre of the movement and are at right 
angles to each other These are 

(1) Tlie itrtical a\w round which the centre of the cornea moves outwards 
(abduction) or inwards (adduction) 

(2) The frannene axis runs from right to left Round it the centre of the 
cornea moves either up (elevation) or down (depression) 

(J) Tlie sagittal or vntero posterior axis corresponds to the line of vision 
Round it the movement of wheel rotation takes place and is called mwaiils 
(mtorsion) or outwards (extorbion) as twelve o clock on the cornea moves nasallj 
or temporall) It will thus be seen that in naming the movements of the eye 
about the transverse and vertical axes the centre of the cornea (or the pupil) is 
taken as the moving point and will indicate m which direction the eje is made 
to look while ichetl ro/<7/io« about the antero posterior axis is named from the 
direction of movement of the iipjicr part of the vertical meridian or what comes 
to the same tiling twelve o clock on the cornea 

Tins IS a necessary convention for it »3 obvious that the posterior pole of the 
eye wall go up when the anterior goes down and the lower part of the vertical 
meridian (or six o clock on the cornea) will move out when the upi>er moves 
inwards 

Each muscle except the internal and external recti has a mam and a sub 
sidtary action 
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TliP main action mil be greatest when the eye is lookmg in a certain direction, 
while in this position the subsidiary actions wnll be least and vice versa. 

Thus the main action of the superior rectus mil be elevation, and is greatest 
when the ej'e is turned out, while the subsidiary actions adduction and wheel- 
rotation inwards are increased as the eye looks inwards. 

Synergic Action. — Often m carrying out a certam movement two muscles w ork 
together. Thus, m looking directly upwards the superior rectus will act with the 
mf^erior oblique, and in lookmg directly downwards the inferior rectus acts with 
the superior oblique. 

The Fora REcrn Mcscles 

Tlie four recti muscles an«e from a short funnel shaped tendinous ring 



FlO lii — DriSECTlDS TO SHOW THB OC1.1.AB tVOU THB L^TSaU. ASPECT 

Xote especialljr oculo motor roramen 
{Ftvnt a ifteimm fn tV tudsnjr ilatnm •/ Cmirtnilf CvBty ] 


(annulus tendineus communis of Zlnn). This is oval on cro'^-section, and encloses 
the optic foramen and a part of the medial end of the superior orbital (sphenoidal) 
fissure, its attachment to the anterior margin of w hich is marked by the spina 
recU Jateialis 

The inner surface of the annulus is thickened in its upper and lower parts by 
two strong bands or common (endons. 

The Lotcer Tendon (of Zinn) is attached to the inferior root of the small wing of 
the sphenoid between the optic foramen and the sphenoidal fissure. This attach • 
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ment may be marked bj a tubercle (the infraoptic tubercle) (Fig 1) a 
rotig!ine‘<*» or a Bmall depression The loner tendon gnes origin to part of the 
internal and external recti and the n hole of the inferior 

The Upper Tevdon (of Lockwoocl) an«'e3 from the bodj of the bplienoid and 
gives origin to pvrt of the internal and extemal recti and the whole of the superior 
Owing to the slope of the orbital roof the origin of the superior and internal 
recti are on a plane anterior to the others these muscles are much more 

closely related to the dural sheath of the optic nene 

With regard to their length which is somewhere about 40 nim the superior 
IS the longest then the mediil then the lateral The inferior is the shortest 

The lecti muscles run forw irda close to the w alls of t he orbit and are inserted 
into the sclera h\ tendons of different Avidths and at different distances from the 
cornea 

These will he discussed wath each muscle and will he found tabulated below 
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Titz SurtriOB Rectos 

The BUiierior lectiis ari«es from the upper i>art of the annulus of Zuin aboNe 
and to the outer side of the optic foramen and from the sheath of tho optic ner\ e 
This origin lies m the angle formed the splitting of tho dura which line’* 
the optic canal to form tho orbital penovteiim (periorbita) on the one hand and 
tho dural covering of the nerro on the other 

It IS below that of the levator and i<« continuous on the inner side with the 
medial rectus and on tlic outer with the lateral lectus 

The muscle pisses forwards and outwards beneath the levator, making an 
angle of S'!’ with tho visual line pierces Tenon b capsule and is inserted into 
tho sclera 7 7 mm from tho cornea bj a tendon I 8 nini long 

The line of iii>«ortion is oblique 10 8 mm long and cuned so as to be sbglitl} 
convov forward* 

Relations — Abme the superior rectus is m relation with the levator and the 
frontal none which separite it from the roof of the orbit (Figs 143 and 144) 
Below I* the optic nerve but separated b\ orbital fat, the ophthalmic arterj , 
and the nastvcilnrv nerve (big 145) Farther ftrwnrds the reflected tendon of 
the superior oblique pa««i** between it and the globe to rcacli its insertion 
(lig i:‘4) 

‘ It 14 thuc Bttachmci t of (><• supon r ai In t«i at mil lo tl o i r'nn si 'udi 4 I > ts reapo sible 
fortl Of) anicto uliuiviinnl eJ «cwn par* raestrFmcnMWoniBntcorthaglolwin retro I llairne ir I * 



THE EXTRINSIC SIUSCLES OF THE EYE 177 

Laterally, m the angle between the supenor anti lateral recti, are found the 
lacrimal artery and nerve 

MediaJhj, in the angle between the superior rectus on the one hand and the 
medial rectus and supenor oblique on the other, are found the ophthalmic arterj' 
and nasal nerve (Figs 144, 145) 



A From abo\ e B B rom below C From the medial side 



D From the lateral aide E From behind F From m front 


Fio 125 — To snow Tiu, iNSEftTio'.s or the Eye Mcsccbs 
X = position ofthe macula C » loiigcilianee V= \enf 6 N 0 rticosa SO » superior oblique 
10 = Inferior oblique 'M = medial rectus L =* lateral rectus I =* mfenor reotua S = superior 

^ote position of optic iien'e Its centre is just aboie the honzotital meridian 

Nerve. — ^The supenor rectus is supplied by the superior division of the oculo- 
motor (3rd cramaf), which enters the under surfiice of the musofe at the junction 
of the middle and postenor tbird.9 (Fig 147). 

Actions. — The superior rectus mak^ the eye look upwards and inwards and 
abo wheel rotates it inwards (mtorts) It helps* the levator to lift the 
upper hd fii,, 

The 2Iai)iAction is the elevation, which increases as the eye is turned out, and 
'' becomes nil when the eye is turned in 

The supenor rectus is, in fact, the onl 3 elevator in the abducted position of 
the eje, for the inferior oblique does not elevate the eje in this position It thus 
> Seep 1»4 
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comes about tint in a palsj of tlie right sa]ienor rectus, if the patient is asked to 
look npwarcls and to the right, he cannot ele\atc his right eje bejond the luuhlle 
of tlie palpebral fissure 

The aiihsidianj actions are the adduction and mtorsion, nhich increase as 
the ej e is turned in 

RIGHT eye: left EYE 



The atraighc Airova hIiou (he direction in nhirh llio o^« w made to look i e toirorde which the 
centre of the cornea h moioi) The ditiaII cur\e<l arrova in hcnie thu direction of wheel rotation 
I e alwmt an ontero poetenor asia Thiw tho melial and Utemt recti make the ejo look inwards 
and niitwarde mpeciivcly, while the eupenor obli<)ue roakee ()i«c>c look downwards and outwards 
and at the same time causes wheel rotation inwards {taking \II o clock os (he moiing point) 

Inc Inferior Rfctus 

The inferior rectus is the «horlest of the recti muscles It arises below tho 
optic foramen from the middle shp of the loirer common tendon 

It pa's^'Cs forwards and somewhat outwirds along the floor of the orbit, making 
an angle of 25® with the Msual hnc and is inserted into the sclerotic C 5 mm 
from the conica bj a tendon » 5 min m length 

The line of insertion is p 8 mm Jong markedly con\e\ forwards, alwavs 
somewhat oblique, so that the nasal end lies nearer the cornea 

Yfie int^inor rectus is a/sn atticfteof to ffte fewer ho’ bj means of the fisctaf 
exp vnsion of its sheath (see Fig IdGandp 18(») 

Relations — Abmt arc the inferior division of tho 3rd nene, the optic ner\e 
separated In orbital fat, and the globe of the exe (Fig 14(i) 

Ixiteral — ^The nen c to tlie inferior oblique runs in front of the lateral border 
of tlie inferior rectus or liclw cen it and the lateral rectus 

Beloii IS tho floor of the orbit roofing the antrum of Highmore The muscle 
IS m contact with the orbital process of the palate bone, but more anteriorly 
it 13 sejKirated In orliital fat from tho orbital plate of tho superior maxilla 


TUK EMRINSIC AlUSCLLS OF THE EYE 17D 

Tlie infrnorliital nn<l none in thoir canal nI«o lie l)eIo\\ the inferior 

rectu'< 

The infcnor oblique cro-ses liolow the inferior rcctii« the sheaths of the t^\o 
muscles lioing united here 

Nerve — Ihe Infinor rectus js supplied bj tlio inferior rjmsjon of tho 3rd 
nene ujiieli enters it on its ijpjiernsiiect nt nlioiit tlie jiinctjon of the middle and 
posterior thirds (I ips Nd and M7) 

Its Blood-supply comes from tho inferior muscular branch of the ophthalmic 
Actions — Tilt inferior rectus makes the e\e look dowTi and in and also a^hecl 
rotates it outuanls {cxtorsiou) B\ moans of its fascial expansion it also 
dcj>res«cs the lower hd (tee p 186) 

The VaiH Actiou is the dcprevsioii* which mcrcasc*, us the o\e is turned out 
and becomes nd when the c\e is (iimc<l tn 

The Snh^uhary Actione arc (ho ailduction and cxtorsion which increase as 
the o\e IS turned in 

Tjir Mipmi lltcTLS 

The medial rectus js tho hrj.es( of the ocular muscles and imicli stronger than 
the lateral It has a w i<le origin to the inner ndo of and below the optic foramen 
from both parts of the common tendon and from the sheath of the optic nerae 
It passes forwards along tho medial wall of the orbit and is inserted into tho 
i-clcrotjo ' ’) mm from the cornea In a tendon 8 8 mm in length The line of 
insertion Is ID 7 mm long is litraight and stmmitncal to tlio lionzontal mcrKhan 
(as a rule} 

Relations — tot r is the «U|H,rior oblique ami between the two muscles are 
the ophtlialmic artera ami its anterior ami ]H>'.tcnor ellimoidal branches and the 
nasal nerae Jl igs 144 U*)) 

lielofc IS the floor of the orbit 

Meilinlly IS some peripheral orbital fat then the lamina pap^racea of the 
ethmoid wluch bounds the ethmoidal air cells 
LdternUy is the central orbital fat 

Nerve — ^Tlio inferior diviston of tho 3rd which enters it on its lateral surface 
st abfNit /ff it’i mfikiitf s/ni pxfstcnw ihirfh 

Tlic Blood-supply comes from the inferior muscular branch of the ophthalmic 
arterj 

Action — ^Tlio internal rectus ib a jmre adductor Both muscles act together 
in convergence 

The L-artRAt or Evtfrnai. Rfctus 

Tlie lateral or external rtetus onscs from botli the lower and upper parts of 
the common tendon from those portions which bridge the superior orbital 
(sphenoidal) fissure 

• T1 e mfenor rettus istleonly l^pnt or in fbo ab { jionit on of tt e e\p 
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Tlu« origin is contmnons ami is strengthened bj itb attachment to the spina 
recti lateralis (of Merkel) on the great wing of the sphenoid 

TheongmthnstakestheformoftlieletterU (or V) placed so that the opening 
looks towards the optic foramen, the hmbs of the U heing referred to as tlie 
wpper and loiter of the muscle (Figs 124 and 133) 

The lateral rectus passes fon\anl along the lateral nail of the orbit at first 
separated onlj bj a small and \amble amount of peripheral fit More antenorlj 
howeier, it passes inwards towirtls the globe pierce? Tenons cajisule and is 
inserted into the sclera G G mm from the cornea hi a tendon 3 7 mm long 

The line of insertion IS G 2mm mJength is vertical or slightly com e\ forwards 
and usuall} sj mnietncal 

Tlie external rectus can in the hung often he seen through the conjunctiva 
and Tenon s capsule (see also jnragiaph on the exjiansions of its sheath p 186) 
Relations — (n) At the Apex of the Orbit — Between the ongm of the external 
rectus and that portion of the small vnng which separates the optic nerve from 
the medial portion of the superior orbital (sphenoidal) fissure is a small though 
rorj important interval 

The structures which go through it are desenbed as passing between the two 
heatls of the lateral rectus w ithm the cone of muscles or amnihis of Zmn or the 
interval is called the ocvlomolor foramen (Fig 124) 

These stnictures from above downwards are tlie iqyper dinsioa of the 3nl 
jitne^ the riaso cthary and a branch from the sifinpithetic then the loiter duisioa 
of the Ird then the Crt and then sometimes the ophihntimc letn or veins 

Tlie 6th nerve is actually passuig from being below the lower division of the 
3rd to lie lateral and m lictween the two divisions (Fig 133) 

Above the cone of muscles le above the upi>er liead of the lateral rectus arc 
the fourt K JrojifdTEnd lacfiniafnenes the recurrent lacrtmal orfery, and the atyierior 
ojjhihnhnic tci/i According to Hovclacque (1927) these structures do not pass 
through Ihe outer narrow part of the sphenoidal fissure ns is classicnUv repre- 
sented since this IS closed by dense fibrous tissue anti with this the author is in 
entire agreement (Sec al«o the lacrimal nerve p 210) Below the cone of 
muscles nothing passes as a rule sometimes the inferior ophthalmic vein 

(b) iarther Foncards — ■ Abate t he lateral rtetus are the Kcninal arterj and 
nerve Tlio lacnmal gland lies ^tcnorlv Ihc lacrimal«ner\D is m relation to 
tiie ujtiier border for almost its whole length the arterj onlj for the anterior 
two thirds 

BdaiLiSi thcjloor of the orbit, and aiitcnorlv the tendon of the inferior oblique 
passes below then media) to the lateral rectus to gam its insertion (Fig 124) 
MfdtaJ near the apex of the orbit lietwecn the lateral rectus and optic nerve 
mobile (iliarv ganglion and ophthalmic artery^ Between the muscle and the 
inferior rectus is tlie nerve to the inferior ohhquo (I igs 145 146) I>aterall\ it 
hcs directly n^^ainst jienorbitn in it*» postmbr put while more anteriorlv a slight 
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amount of penmuscuhr fat mtervenes, farther fon\ard sttll the lacnmal gland 
lies bet^\ een it and the bone 

Nerve. — ^The 6th nerve (abducens) entdrs it on its medial aspect, just behind 
its middle 

The Blood-supply comes from the lacrimal artcr 3 ’’ ^ 

Actions. — The external rectus is a jnire abductor — that is, makes the ej e look 
directlj outwards 

The SupEBroR Oblique 

The superior oblique is the longest and thinnest e\e muscle It arises by a 
narrow tendon abo\'e and medial to the optic foramen, which partiallj overlaps 
the origin of the levator 

The fusiform muscle bellj, more rounded tlian that of the other extnnsic 
muscles, passes forwards between the roof and medial walls of the orbit to the 
puUej or trochlea of the superior oblique (Figs 124 142 144) 

The trochlea consists of a U shaped piece of fibro-cartilage, which is closed 
above by fibrous tissue, and is attached to the fovea or spina troohleans on the 
under aspect of the frontal bone a few millimetres behind the orbital margin 
It IS lined bj synovnl membrane, and from its outer border a strong fibrous 
sheath accompames the tendon to the eyeball 

The muscle, about I cm behind the trochlea gives place to a rounded tendon, 
which passes through the pulley then bends downwards, backwards, and out 
wards at an angle of about 55° (the trochlear angle) pierces Tenon's capsule, 
passes under the sujienor rectus, and, spreading out in a fan shaped manner, is 
attached obhqueli in the postero su perior qua drant almost orcntirelj lateral to 
thejmd-vertical plane— ThfTTiiie Vf insertion is ab out 10 7 mm lo n g, and l a 
conve x back wards and lateraUv Its anterior end lies about on the same meridian 
as the temporal end of the superior rectus (Salzmann) (see Figs 124 and 125 A) 

Actions. — The superior oblique makes the eje look dowm * and out and also 
(wheel ) rotates it inwards (le makes twelve o’clock on the cornea move towards 
the nose) 

The ^fa^n Action is the depression, and this increases as the ejeis turned in * 
It IS practically nit when the eje is abducted 

The abduction and intorsion are the subsidiary actions, and increase as the 
eye turns out ^ 

The superior obhque acts avith the mfenor rectus to make the eye look directly 
doivn 

Nerve. — The superior oblique is supplied bj the 4th or trochlear nerve which, 
having divided into three or four branches, enters the muscle on the upper surface 

1 It used to tie belie%ed that the gupmor oblK|CiB made the eye took up and in, and hence the 
term *' pathetic ” applied to its ner\ e So far as facta] expression is concemetl the musclo expresses 
disgust or contempt 

* nife superior oblique is tJie onfy muscle which can depress m the adducted position 
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near its outei border , the most antenor branch at the junction of the posterior 

and middle thirds, the most posterior about 8 mm from its origin (Ihg 

144) 

The Blood-supply cornea fiotti the «iupenoc muscular branch of the ophthalmic 
arter\ ‘ 

Relations — ^Tho superior oblique is in relation with the periosteum of the roof 
and medial w alls of the orbit sojiarated onU bj a a erj thm la^ er of fat or none 
at all Beloir it is the medial rectus and between the two muscles are the oph 
thalimc arterj and its ethmoidal branches and the nasal neiae In the inteml 
between the supenor oblique and the levator i>ostenorl> is the fourth nerve while 
antenorl^ are the supratrochlear nerve accompanied bj tlie frontal arterj and 
tributaries of the superior ophthalmic vein (Fig 144) 

The reflected tendon is m relation nlmve with the supratrochlear and medial 
branch of the supraorbital nerve and with the supraorbital vessels (Fig 144) 
Also the levator covers tins surface and then bends round it to become more or 
less vertical wliilo the superior rectus covers the tendon at its insertion 

The deep surface is m rel itioii to orbital fat then Tenon s capsule nnd the 
globe. 


The Infuuou Obuque 

Tlie inferior oblique is the only extrinsic muscle to take origin from the front 
of the orbit , it is also remarkable in having the shortest tendon of insertion 
(Figs 36 142 147) 

It arises bj a rounded tendon from a small depression (sometimes a roughness) 
on the orbital plate of the eujicnor maxilla a little behind the lower orbital margin 
and just external to the orifice of the iiaso lacrimal duct Some of its fibres maj , 
in fact arise from the fascia covenng the lacrimal sac 

It parses outwards and backwards, making an angle of 50® with the visual hno 
(that IS parallel with the reflected tendon of the superior oblique) between the 
inferior rectus and the floor of the orbit then under the external rectus to be 
inserted by a v erj short tendon ‘ (Fig 30) (often none at all) to the back and outer 
portion of the globe for the most part below the horizontal meridian The 
line of insertion is oblique 6 4 inm long and is convex upwards 

Its posterior or nasal end is about 5 mm from the optic nerve ami thm lies 
practicalli/ over the niaciiUi (only 2 2 mm from it (Poirier)) (1 ig 125 E) The 
antenor, tcmjioral end hes m about the same mendnn as the lower eml of the 
insertion of tlic lateral rectus 

Relations — Near its ongni the lower surface of the muscle is m contact witli 

> Vh Sniznuuiii points o it ono often fin ts arti il munrlo (il ns u i>«<rlcvl mtu tl n nclpra T> e 
fill of t) 0 ten Ion of t> inf n>r obli tiio nMy Im umxI t ) Hiiennint to ctI irh t lo an ixcimhI 

In UIui m !ia%~ii e fniin 1 it « o fci o« wl ch u tha uppor nii I wli rU ix Iho t r usp<s.t of U <i 
gl In tlio attnci cl triiiJ>nii triho obli |Iic)i uill point away fn m tl o 81 { to n-l ich it lioIoiigH 
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the iieMO'.lcijm of the floor of the orbit but further hterilK , it is separited from 
tht> bs fit Just licfore the uwrtioii of the muscle this surfnoc uliich non faces 
htcralli j« eoioml b\ the e\tcninl rectm nml the cajtsule of Tenon 

Tlic ujipcr jisjicct Is in relation to fat then the inferior rectus tlien finallj 
spreading out and becoming contaie it moulds itself on the globe 

Nerve Ihe Jiifenor oblujne is supplied In the inferior division of the oculo 

motor, mIucIi crosses jilioie thi. posterior Iwrdcr about its midcHe to enter the 
muscle on its wpper * surface 

Tlie Blood-supply comes from the infraorhitnl ortcrj and the inferior muscular 
branch of the oplithalnuc 

Actions The inrcrior obbfpit nnhes the c^c look up and out, and also 

Mhccl rotates it outiianls (CKtorta) 

Tlif Main Arlioni'* theelcialion mIhcIi increases ns thecae j turned in* cand is 
ml in abduction 

The 6»t6uduiri/ /fchoiia arc the abduction and cxtoreion, which increase ns the 
etc «' turned out 

The inferior oblique acts w it b the pupenor rectus to make the cj e look directly 
upw anK 

Thl EiiATOit Palpfort; SurriiroRis 
The loiator palpobra? auperions arises from the under surface of the les ser 
w ing of the syihcnoid a bqie and m front of the optiojbramen b\ a short tendon 
tt Inch IS hlended u ith the underK ing origin of the supenor rectus 

The flat ribbon like muscle liclly passes forwards below the roof of the orbit 
and on the suiienor rectus to about i cm liehind the septum orbitale (that is more 
or less at the upiier forma ora few millimetres m front of the equator of tlie globe) 
where it ends in a membranous cxjiansion or opoHeuro-u? This Bjireads out m a 
fan shaped manner so ns to occupa the whole breadth of the orbit and thus gi\es 
the whole muscle the form of an ipo**oc1cs triangle The fleshy part of the musele 
is horizontal the tendinous part is nearly aertical moulding itself on the globe 
oftheeje as indeed does the whole of the uin»r eyelid The chnnge of direction 
takes jilace round the reflected tendon of the Bupenor oblique 

Attachments — («) The mam insertion of the levator is to the sltn of tho 
upper hd at and below the ujiper }>alj)cbral eiilcus It reaches this passing 
through the fibres of the orbicularis (Fig 00) 

(h) To the Plale ^ Somc of the fibres of the nj)oneuro>is are attached 

to the jxmil^nd Jo werjnrt of the tarsal platc_, but the mam altachm^t of the 
levator licre is via the unstnjied mtperior j-alpehrai niu^cJc ^Tliis is continuous 

» ITixianj (Ie-icrit)C<l a.-> ontonne the iHi^tenor I or ler In tl g hIwvc description which 1 have 
%crific<l I am follow np Ho\clac»jue 

* T1 G inferior obi pie w the onlj elerntor in the a I iuctnl pn ition 

’ The fibrea of t) e levator formit iletiniteUjer here vhid U t» impwlani to realiM eitpeeiaJij in 
trpotiiiQ lit tarsal jlale Jrom in /rent 
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Mitli tilt- p^rt of the lc\ator and js attached to the upper border of the 

tirsu"? (Tips 90 and 100) 

(c) The attachment of the Icaator to the stipenor foinix of the cowj toichta is 
actuall^a tho f i«cnl ‘■heath of the (see later) 

(il) The ta\o e^itreraitiea of the aponeurosis arc called its ‘ /toms The 
lateral horn jiasscs betneen the orbital and paljiebral portions of tli^facnmal 
^larnTfrig nr) which it were fokledrmmd it and is attaclied to tho oibital 
tubercle and to the u^eT a'.pect of tlic lateral inlpebral ligament (Fig 142) 

Tlie «iefhnn<or;i JS-uiuch ueaker than the literal It is attached soineuhat 
beloM tlic l^n to Incn mal suture and (o the medial palpebral ligament 

The Sheath of the leaator has several jKiints of interest It is attached belou to 
tiint of the suj cnor rectus {qv) and it is theti sue betneen the tivo muscles uhich 
gains attachment to the upper conjunctival forma (Fig lOfi) Onthe upper aspect 
of the junction of aponeuroMs and muscle the sheath is thickened to form a band 
(\\ liitnall) the medial end of w Inch passes up to the pnllej of the superior oblique 
and to tho neighbouring bone and sends v slip to budge oier the supraorbital 
notch The lateral end of the band passes above the aponeurosis and i>* in part 
joined to it P \rt of it raises into the lacnmal gland and part Teaches the lateral 

orbital wall Whitnall considers these the true check ligaments of the lc\ ator 
Relations — Ahaie the le\ ator and between it and the roof of the orbit me the 
4th and frontal neiies and the supraorbital \essels The 4tli ner\e crosses the 
muscle close to its origin from without mwanls to rcacli the superior oblique 
(Fig 144) 

The supraorbital artery is aboio the muscle in its anterior half only 
The frontal nen e crosses the muscle obliquely from tho lateral to tho modial side 
Beloit the levator is the inner part of the superior lectus (whicli being the 
larger muscle has its lateral edge caponed) and tlie globe of the eje (Fig 144) 
In front of the tendon at its commencement is the retro septal roll of fnt w Inch 
18 continuous with the upper and inner orbital lobe of fat Below this the front 
of the tendon of tlio lei ator is m relation with the septum Behind is the pre 
tarsal space contammg the peripheral palpcbrd arcade (Fig 99) and the palpe 
brnl portion of the lacnmal gland Ihe prctarsal space (see ji 12r) placed 
lielimd tho tarsal insertion of the tendon is prolonged InternlU behind the outer 
horn of the lesator and contains here the jKilt»ebral portion of tbe lacnmal gland 
Nerves — {«) Tiie Superwr Dntsion of the 3nl which reaches the muscle eitlicr 
b\ ] icrcmg tlie medial edge of the suiienor rectus (and thus forming another 
bond lictween the two muscles) or bv winding round its medial border 
(i) Si/iiijxtlhetiC Fibre.1 to the uiistripcsl siijicrior jialjebral muscle 
Action — ^The leiator raises tho iipjer cjtlid thus uncovering the cornea and 
a jwrtion of the sclera and deepens the supenor paljiebral fold Its antagonist 
is the orbicularis 



THE F\TRI^SIC MLSCLCS OF THE EYE 


185 


Tire Caisiip of Te\on 

Tiie capmie of Tenon (fascia b\ilbi) is a thin fibrous membrane \ihich en 
\ clops the globe from the margin of the cornea to the optic nene 

Its inner surface is «cll definerl and in elo«e contact nith the sclera to uhieh 
It IS eonnectetl bj fine trabecul® 

These opposing surficc nere beW bj Sehnalbe to bo lined b\ endothelium 
the capsule of Tenon tlnis forming an articular socket m which the ejcball moaes 
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freelj m all tUrections The joint cavity too was thought b\ Schwalbe to be a 
lymph space continuous behind with the lymph space surrounding the external 
coat of the optic nenc (supravaginal Ijmph space) But the capsule of Tenon 
IS attached to the globe in front to the ocular mu cles and to the sclera bj the 
above mentioned trabecul® It is probable therefore that while slight move 
ments take place betw een the globe and the capsule m more exten'sia e movements 
the globe and the capsule move together m the surroundmg fat 

The posterior surface of Tenon s capsule is in contact with the orbital fat 
from wluch it is “leparated with difficulty 
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Antenorlj the fa«icii I ulbi becomes thinner and merges gradually into the 
Bubconjunctirnl connectn e tissue It is separated from the conjunctiva bj loose 
connective tissue an<l m operations for exposing the ocular muscles can alna>s 
bo demonstrated sepnratclv from this membnne 

Postenorlj around the optic ntr\e where it is pierced bj the ciliary vessels 
and nerves it becomes vorj thin and can only be traced with difficulty to the 
dural sheath of the optic nerv e vnth which it i*. held to he continuous fechw albe 
however describes it as Icing continuous with a membrane which surrounds this 
sheath to form the supravaginal lymph space — a view which is now held to be 
very doubtful •» 

Tlio lower part of the capsule of Tenon is thickened to form a sling or ham 
mock on which the globe rests and which has received the name of the ligament 
of Locknvood That it is effective in supporti/ig the eve is sJiown by the fact that 
the globe does not sink down after removal of the superior maxilla 

Tenon e Cajmtle is pierceil jiosteriorly by the optic nerve {Fig J27) and 
around this by the ciliarv nerves and artenes just behind the equator by the 
V en'W vorticosae andantenorlv by the six extnnsic muscles of the eye 

\\ here the fascia hulbi is pierceil bv the tendons of the extrinsic muscles it sends 
round each o iubularreflechon backwnnls which clothes it like the fingers of a glore 
The reflections differ m the different muscles 

In tlio case ofthe recti they gradually become continuous with the perimysium 
but send important slips or expansions to surrounding structures 

The lateral expansion of the external rectus is attached to the orbital tuberclo 
on tho malar bone wliile that of the internal rectus parses to the lacrimal bone 
These expansions are strong and to some extent limit the action of the muscles 
They hav e therefore recciv ed the name of check ligaments 

The expulsion of the superior rectus is attached to the lexator pal\»ehraj by 
a definite band in which a bursa may be found (Alotais) This band is important 
phvsiologicallv It ensures the synergic action of tho two muscles Thus when 
the superior rectus makes the eve look upwards the upper lid is. rai ed as well 
The expansion from the inferior rectus (1 ig IJO) passes from the under surface 
of this muscle above tlic inferior obliqiio tlien deep to the conjunctival cul de sac 
and the paljiebral conjunctiva from which it is separated by the unstnped inferior 
palpebral muscle (which according to 1 uchs can I e seen through the conjunc 
tiva), and then is inserted between the tnr<-al plate and the orbicularis By this 
means the inferior rectus can act on the lower lid ns the levator acts on tho upper 
Die lower lid is iiifnct lowered2mm and pulled down by its iietion and the lashes 
tend to be cv erted TliH movement is however aided by the hd being m contact 
with the glolie 

Tho rt flection of the superior oblique jiasses up to its pulley that of the 
jnftrior oblique to tho outer jiart of the floor of the orbit 

From tlio anterior end of the expansions of all the muscles fibrous bauds jnss 
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to be attnclied to tlve coniunctnjil ciU de sac When the muscles act the con 
junctua J3 pulled IxicK also, and Urns is prevented from folding and strangulation, 
much in fact as the inusculus articulans genu pulls tlie synovial membrane of the 
knee joint out of the uav in contraction of the quadriceps and prevents it being 
nipped bv the patelh. 

pBACnCAt. CO^SIPERATIONS 

From a practical I'nint of \ne\\ thorp are four spaces wlucli we must consider inside 
tJiP orbit 

(J) Firsth, and mo^t important, w tliat bmiiwlwl in peat part by the rigid orbital Trails, 
but, antonorh, l)\ tile eve and septum orbitale including the tarsal plates and larsal 
ligaments 

(2) Smco the periorbita is for tbp most port easily detachable there i> a potential space 
between it and the bone 

(1) Irwiile this is the space boimded bv the cone of muscles, the mtermviecular membrane 
and the eajisvilo of Tenon 

The intennuscnlar inemhraiie is described bt Poiner as follows “ The sheaths of the 
four recti muscles are joinni to each other bj an aponeurotic membrane, which becomes 
thinner as wo trace it backwards amt anienorU is continuous with the capsule of Tenon 
It ts strongest between the superior and external recti mU'Cles In thin and feeble subjects 
It mas bo lit marked, and hence neither mentioned nor figured bj many authors At the 
jwsterior pole of the eje it separates the fat of the orbit into two la>ers oue central the 
other peripheral, and controls to a certam extent the progress of infiltrations " 

From the above it follows that the mu«e)e cone fonns a separate space Hence an 
exploration of the orbit outside it can liave but little effect on a lesion situated within it 
Thw w ilhistrated b> a case doenbod b> Hamson Butler Tlie orbit was explored several 
times in a patient with jiroptosis and rigors and no pus was found Later, on removal of 
the ej*e, the pus vaa found instrle the muscle cone 

(4) The fourth space to be conswtercil is Tenon's capMile, and Harnson Butler and others 
have reconled cases where a conjunctival incision has been effective m evacuating pus from 
thw space 

The methods, then, that might be eniploj«f to relieve tension m the orbit are 

(n) An incision into the orbit outside the muscle cone 

(b) An incision into the orbit with spbttuig of the lid in a vertical direction and division 
of one or both tarsal ligaments Tliw was the method used bj George Lawson and Tweedj 

(c) The division of one or otlier ocular muscle Tim not only allows the eye to move 
farther forward^ and so diminishes tlie pressure behind it, but also opens up tbo mviecle 
cone and Tenons capsule, and gives a goo<l view of t)»e back of the ejie and anterior part 
of the optio nen e 

(d) Opening Tenon’s capsule by n conjunctival uiCbion 

(«) Temporary resection of part of the orbital wall as m Ivronlein s operation 

The Orbital Fat 

The orbital fat fills in all the intervals not occupied by the other structures 
It IS probT.bly semi fluid durmg life, and, as stated above, maj be divided into 
central inside the cone of muscles and intermti'cul'ir membrane, and peripheral 
between these and the penorbita The sbts between the lobules were regarded 
bj Hirschfeld (1909) as Ijmjihatic spaces, but actually no real lymxihatics have 
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as jet lM?en demonstrated in the orbit If thehds including the septum orbitale 
be removed, the capsule of Tenon and tho expansion of the sheaths of the muscles 
form an incomplete barrier between the orbital fat and the lids It is through 
the holes m this partial barrier that the fat of the orbit can escape to produce 
tho characteristic swellings under the skin of the lids Tiie most common 
hernia of tiie orlutal fat thus produced is in the upper and inner quadrant 

BIBLIOGRAPHY 

Birch Hirsclifclil ' Die Kmnkheiten tier Orbita,” SnewtwcA Handbucli 1000, 

p 201 

Butler, Harrison Trans Ophth Soe , U K , 1023 

Iloiie, L The Muscles of Ike Eye Putnam New York, 1007 

Lawson, George Trans Ophth Soe , U K 1895 

Ixickwood, C “ The Anatotnj of the Muscles Ligaments, I’ascift of the Orbit etc ," 
Jour Anal anil Physiol 188C v\ p I 
■Motais, E L’Apjiareit inoleur tie Vail Pam 1887 
Poimr Traits il Analomie Ilumaine (' Lcs organes du sens ”) 1012 
Schu ffenlecker, P Abst ui^eitJcAr / i‘)0o,xi',p ISO 

Tenon Mlmoires el olnrnvfions sur lanalomte Pans, 1800 
Testnt Anatomie Iluniame 1930 

Mliitimll, S E inalomy of the Human Orbit, 2nd cd , 1032 
Minckler, in the TmiU dOphthnlmologif, 1919 



CHAPTER VI 


THE XERraS 


The Ocuho Motor or 3bd Gr-otiae Xer\e 
Superficial Origin — The ocviJo motor nerve irises by a senes of 10 to 15 rootlets 
for the most part from the sulcus ocnlo motonus, which lies on the inner >!ide of 
the crus cerebri A small external portion however, actually takes origin from 


Fw IJ8 — ' EvtRitAsrECTorTneBfuU' 
STK5I sMowr»o Tns AiTxcmresTs or Tne 
PBtvCtPAt, ClUNlAl- NeRTES 

Tbe fotlOTnng rofemiwa applj to th? n»ot» 
of t)>p nerm 1 * rtght olfactni^ tract 
(IimUmI near it« rntdiie II » left optic 
nerve springing from tbe comnu«ure vhich 
IS concealed bj* the pituitarv bocij II 
right optio tract tt e left tract is seen 
passing back into i and « (he internal and 
extenml corpora gemculata III s left 
ocuio motor nerve It trochlear 
targe roots of the tnfacial nenes -f- j- tm 
small roots the -r- of the nghe sitle w placed 
on the Caseenan ganglion 1 •= ophthalnuc 
3 K sitpcnoF znaxillaf} and 3 a iiilcnor 
tnaxiUan nerccs M » left abducent ncrce 
ni «= facial AUTI *s audttorj r\ 
glosao pliarvnpea! \ ar pneumo gastric 
\I = spinal acfe“!SOt5 Xll = ngfit hypo 
glossal nerve at o on the left si ie the 
rootlets are seen cut short Cl « wbocci 
pitol or first cervical nerve 

( IjtfT Atlm Tficr^um ri n J " Jsatonir'l 



the neighbouring tentral surftce of the crua As jwintetl out bj Zander, the 
two [lortions almost meet po'-tenorh, but «epartte nntenorh anti so jincticalK 
form a letter V 


The ix)«tenor part of thiN origin tomes clo^ to the upper border of the pon^ 
and i" a near relation of the termination of the basiHr artert {Fig* 17-1 175} 
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BetMctn thf t^\o nenes is tlie posterior perfor%te(I snlistonce 
The posterior cerebral artcrj runs along the inner side of the origin of the 
Jrd nerve, then curls round above the upper rootlets (Figs 174 and 175) It 
often sends twigs between the rootlets of the ner%e The superior cerebellar 
artery runs below the origin at the upper border of tho iions (1 igs 130, 175) 
Coarse and Relations — (n) In the Posterior Ccanxal Fo«sa — Sturounded bj 
pia and Intlied in cerebro “pmal fluid the 3rd ner\t parses downwards and 


'/.j '.’N 


1 JO 121 Tltr CWTEBNA Oasalis A''U Cjxtfrsa Pontis 

\ pjrtion of tliP buAf* of tliP brnjn wjfl Ihearorhnoil nwtu •! »« lug Uu* relation of tl Hmcii I rune 
1 1 th( rnmiHl iieneu (II to > III) an 1 to the irfh < f Uiltiu 

fonnird'^ III tlio cisterna basalis* ' (Fig 129) between the posterior cerebial and 
superior cerebellar arteries (Figs 130 131 1431 

At first somewhat flattened in form it twis>ts on itself so that tlio inferior 
fibres Iwcome suiierior and Icaaing the arteries, soon liecomcs a rounded cord, 
It runs aboie and medial to Ihe free margin of the tentorium ccrcbclli and 

‘ Tl o nsiuma Ijusalw U II v lurgp t» I srl W f rmctl lij tlio briJcinj; ncrosa 

of iho lumponil t lioA b\ amr) nil II ct i(ain« lie (fura tl o miurpeiiui cular sii icu an i lie 
circle of W illiu 
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4tl> nerve, and Irelow and lateral to the posterior communicating artery (Fig. 
130). It crosses tlie under-aspect of the optic tract from nitliin outuards 

(Fig. 132). 

For about 1 cm., i.e. from a point just behind the posterior clinoid 



THE CJRCtE or W’lLLlS TO TUB PlTVlT^t FosSi 


The tnid hram i 9 di^xled ui the a^rtme of the tentonuni, and Ihc cerebrum remored. On the 
nght side the posterior cerebral ami posterior comoiunicating arfenes are cut short jq order 10 
eipose the origin of the 3r(l nene On the left «ote the tentonum aad crew cerehri are shshtly 
separated so as to ehotr the dth neree toore fulh. 

(SirmrvAai s/T/r T. 1C F» lavrnw is Qmmm 4 .* ^nTtaarf **) 

process to the point nJjere the nerve pierces the dura, it js surrounded by 
arachnoid. 

(6) In the Middle Cranial Fossa . — The 3rd nerve passes just lateral to the 
posterior clinoid process and above the attached margin of the tentonum cerebelh 
It now lies lateral to the pituitarj* fos«a aVme the cavernous sinus ; then, piercing 
the dura about mida-ay between the anterior and posterior clinoid processes close 
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^Vl^lIQ in the lateral wall of the Birnis the 3rd nerve receives communications 
from the first division of the 5th and the sympathetic round the carotid 
artery 

The 3rd nerve now enters the supenor orhitsl (sphenoidal) fissure, but just 
before it does so it divides into a small supenor and a larger inferior division, and 
about at this point the 4th nerve' crosses the 3rd to he above and then 
medial to it 

At the anterior jiart of the eai eiiioiis sinus, too, the ophtlialmic division of the 
5th cros'ses the 3rd from below upwards, and just about this point divides into 
its three branches 

(c) In ihe Superior Orbital {Sphenoidal) Fissure — The two divisions of the 
3rd nerve pass through the fissure within the annulus of Zmn, i e between the 
two heads of the lateral rectus (Fig 133) They bare the na^o cihary nerve 
medial and between them, and the 6th nerve at first below, then lateral The 
fourth, frontal and lacnnial nerves pass through the wde portion of the fissure 
above the annulus 

(d) In the Orbit —The supenor dninon passes inwards above the optic 
nerve and just behind the naso ciliary to supply the superior rectus on its under- 
surface at the junction of the middle and posterior third-i (Figs 145, 146, 147), and 
the levator palpebr® supenons The branch to the latter muscle either pierces 
or curls round tlie medial border of the superior rectus 

The inferior diiision, much larger than the superior, sends branches to the 
internal rectus, the inferior rectus, and the inferior obbque 

The branch to the internal rectus passes under the optic nerve to enter the 
muscle on its lateral or ocular aspect near the junction of its middle and 
posterior thirds (Tig 147) 

The branch to the inferior rectus pierces the muscle on its upper aspect 
near the junction, of middle and posterior thirds 

The long branch to the inferior oblique runs along the floor of the orbit on tfie 
lateral border of the inferior rectus or betw een this muscle and the external rectus 
It crosses* above the posterior border of the infenorobliquo about its middle, and 
breaks lip into two or three branches ■which enter the upper Burfice of the 

It is this nerve that gives the short stout branch to the cihary ganglion, 
which eventually supplies the sphincter pupiUas and the ciliary muscle. 

Conununications and Vanehes — |u) A bnmcli of comimmicntion from the Ctlt to the 
3rvl m the lateral wall of the cavemovM simis Ims beciv rle«tTibo<l, hot imi«t be vcr> rare 

(fj) The aupenor diMsion fnirlv often has a communicating branch from the na.'-nl 
{TestiitJ 

* The position of this crossing w lariablc Te*rt«t iioliJi tlwt at the Jcifl of the optic lammcn 
the 4lb anO Gl^ nenos are sti}l )>c}on eii I laleral to the 3r<l 

* Tlie nene J3 usuaJlj i}e»cnbeil the poirtinor bonlir of iIki mu.Hi Jo A carefiil i]j< 

section will, however, show that it continues on •* Uesenbed above 

33 
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(c) \ olkmatm a twip from th« 3rtl to th mijicnor obJirjiie 

(rf) Generali tlcscnbix a cn^^e wlieio a branch from the 3»1 replaced tlio 6th winch was 
al)“t nt 

(c) Ilenle «\ otic case saw the branch to tlie mferwr obliqiio jiiereo tlic inferior rcctns 
ami the bame branch was setu bv Amolii to pass tlirongh the lower I art nf ciliary ganglion 
(Qiiam) 

(/) Tliero maj he no “hurt hrancli to the oliart ganglion which then sits dircct)\ on t) o 
nene to the mfenor oblique (Testut) 

SOIIMAIIV or THE OCTJLO ’ttOTOR XeBVE 
The tiupenot branch supplies 
Superior rectus 
Letator palpebrcc eupenona 
The inferior branch supplies 
Internal rectus 
Inferior rcctii*! 

Inferior oblique 

Short branch to the cihary ganglion 

Aa a uhoU, the Zrd nene «iippUe.i all the eilrtnaic muscles of the eye except the 
earfenml reefus «iwi superior oWi^ue and a/to timenafcs the sp/micfer ptipi/hc and 
the cthary miw/e 


Ncctitfs A>0 CosvFCTiONs (seo al'O p 310) 

Each 3c(l nerve nucleus forms a small column of muUipoKr nerve cclU tome 

10 mm long which lies in the lloor of the aqueduct of S\lvms beneath tho superior 
corpus qiindngtmtnum Its superior oxtrcmitv reiches to the floor of the Hurt! 
ventnelo tvlnlo it enda helow on a letcl with the border of the superior 
colliculus 

The nuclei of oppo<‘ite sidew aro <ieparited aboAC bi 2 to 3 mm , but come 
together below 

Ihe dorso medial aspect of each niicleu** is in rolrtion with the grej 
matter of tho aqueduct, lt«i infero lateral with the jmstcnoi longitudinal 
bundle (Tig 1 15) Tnferiorlj the third nucleus is continuous with that of the 
fourth 

Localisation wthm the Nuclei — Tlic two third nuclei taken as a wliole, consist 
of till parts two iiiat?i lateral nuclei, an unpaired central nudcM of Perhn 
which mutes tho main nuclei and the juircd small celled itvcku‘< of ] dinger 

11 situated antcnorli (lig 1 tO) 

Ihe Vfim Lateral A’ hc/ci contain the centres for the moloi iienes to thecae 
muscles hacli niusclo is goicmcfl b\ a well dcitned group of cells These from 
before backwards aic prafial/ly levator palpebra. suiiciior rcctics inferior oblique, 
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inferior rcctii's The centre for the intern*il rectus (inward movement) is next to 
the medi'in nucleus of Perlia 


Th" Central iYuc/eits oj Perlia * probably has to do with comergence Thus 
convergence and inward movement, whose centres lie dose together, although 
often affected together, are not neccssmlj so 

» Pjrlft AreJ / Opllh I8S9 xxicx (4) p -87 
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The Nucleus of ^ Edmgcr-M’eslphal* -piohahly eub'^erves the pupillary muscula* 
ture 

The fibres from the anterior part of the third nucleus are direct, i e go to the 
muscles of the same side , of those from the posterior part some are held to be 
direct and some crossed 

From the nucleus the axones of the 3rd ner\e pass through the posterior 
longitudinal bundle, the tegmentum, the red nucleus, and the medial margm 
of suhbtantia lugra, to emerge from the sulcus oculo motorius on the medial 
aspect of the crus (Figs IdO and 135) The bundles corresponding to the 
various muscles remain separate in the mid bnun and for a little distance bejond 
the superficial origin of the ner\e 

Connections — The tlnrd nucleus receives fibres from the superior quadrigem- 


Pifl 131 — DuotiAU or 
Tns SrsLCTuars rAssiso 

TKROCOIl THE SCFERIOR 

OrBITAI. iUBOKE AKl 
Optic Foramts (L U ) 
in — upjjcp nnil lower 
(liMRione of ilie 3rd neno 
» t<a8o ciliucy 1*1 
•« 6ih nerve 



inal bothes, the occipital cortex, the frontal cortex of the opposite side, and 
the cerebellum Ma the supenor peduncle It sends fibres \ia tlie posterior 
longitudinal bundle to the 4tb and Gth ncr\cs of the same and opposite sides, and 
some which join the 7th, and are said eventually to supply the orbicularis oculi 
and frontalis Hence these muisclcs escape m a supranuclear lesion of the 
facial 

Structure of the 3rd Nerve. — Like the Cth and 4th, the 3rd nerve is very 

• Eduiger (a) .-Ircft / d it gen Ptjtfohgie, ISSS em |> 858, (6) Unlermicl irgen tibtr d ryl 
Anat (ittCthinm, (e) forletung, ICll 

* Ceri/rulW / Arrren/tfi/ 1889 
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large compared with the mii'cles it supplies It contains about 16 000 fibres 
Slost of them are large hut some destined for the ciliary gangbon are small 
Most of the fibres are motor, but some are sensorj 
Of the latter, some are derived from the 5th nerve, 
but others are propnoceptn e, and can be demon 
strafed in the orbit, le distal to the point where the 
branch of the trigeminal joins the 3rd (Sliemngton and 
Tozer 1910) 

The non medullated fibres in the nerve were re 
garded bj Boeke (1915, 1921) aa sjmpathetic, but 
WooUard and others hold that thej are proprioceptive 
m function and pass up m the mesencephalic root of V 

PlUCTIC\L CoNStDEUATIONS 
1 Paralj^is of the 3rd non e results m the following 

(а) Ptosib from paraljsis of the levator 

(б) The e^e loolU outwards and downwards due 
to the oiernction of the external rectus and superior 

oblique, and there 
is inability to look 
upwards, down 
wards, or inwards 
(c) There is 
wheel rotation in 
wards on asking 
the patient to 
follow the exam 
initig finger down 

xvards and outwards (oxeraction of the 
supenor oblique) 

{d) The pupil IS semi-dilated, and does 
not react to hght or accommodation 
(e) Sometimes shght proptosis 
(/) As tliB strabismus is divergent the 
diplopia IS crossed , on loolvmg up the fal‘!e 
inu^e will be higher than the true , on 
lookmg do'vn the fabe image will be lower 
than the true, and inclined towards it from 
wheel rotation of the supenor obhque 

2 The Syiidrojne of 11 eber consists of a 
3rd nerve palsj on the side of the lesion 
with a facial paralysis and hemiplegia of 



eidos the section on the r ght e de of 
the figure passing through the superior 
an I on the left side through tho infenor 
quadrigominal body HI == ^rd ner\e 
Iv HI = its nucleus IV = 4th nene 
IV — jta nucleus V D — descending 
or mesencephalic root of the 5th ner\o 
\ = Its nucleus C Q S = superior 
and C Q L — inferior quadrigeminal 
body r L B = postenor longitudinal 
bundle 

(from rfcin« In Quoin » Analomv ) 



Onisrss or Tice 3im 4x9 
AND (5th Nerves 
The nene« and their 
noclct are projcoted into 
the outline of a median 
section of the mid brain 
ondpona IH 3rd nerve 
N ni = its nucleus IT ■■ 
4th nerve NR ^ its 

nucleus P L B postenor 
longitudinal bundle VI ^ 
6th nerve >. VI ■= Us 

nucleus 

iFnn Qusin t Jnalorny ) 
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tlio opposite side Tlie facial palsy w of the ujiper motor neurone tj pc the upjicr 
part of the face being spared Tl»e sjndrome is <liio to a mul brain Ic«ion and 
iinoUes the seaentb fibres and those of the trunk and limbs before their crossing 
The Syndrome of BenediLt is like that of Weber, but tlic hemiplegia is nsso 
ciated with tremors These are due to invoUement of the red micleus 

3 It IS of intoifst to note that the 3rd and 4th nencs arc more commonlj 
affected pituitarj enlargements than that enfant chelif of the cerebral contents, 
name!} the (ith which is here jirotectetl bj the internal carotid A glince at 
hig 132 will explain this 

4 Tlio 3rd nerv c raa\ ho jiressed on b\ baideniug or an aneurism of an\ of tbe 
artcncs with which it is in close 
relation mmel} the posterior 
cerebral Biipotiorccrehellar, basihr, 
jiostenor communicating and in 
tcmal carotid 

The 4711 Cbaviai or Tbochli \r 
Nlr\e 

TJie trochlear is the most slemler 
of the triiiial nerves and jet has 
the longest intracramal cqucs© (7S 
mm ) 

Superficial Origin (Tig 137) — 
After having crossed* from tlie op 
jioRitc side m the \a\vo of Yieussens 
(anterior medullarj \ehim) which 
forms part of the roof of the 4th 
\entncle the trochlear neraeleaacs 
the anterior pait of this membrane 
bj two or three rootlets medial to 
the superior cci-cbellar iiediiiiclc and just l«hind the posterior corpus qindn 
gemmum Its attachment to the vahe is \crj slight and the smallest pull will 
often detach it from its origin 

It is the onU motor nerve cranial or spmil wliicli ari'cs from tlie dorsal 
nsjicct of the central nervous svstcin 

Relations — (a) Inlhe Posterior Cramal Fosm — Surrouudeil bj pia and bvthcd 
in cerebro spinal fluid the nerve pas es at brat hterallj lieliind the superior cere 
liellar |x;duncle In this part of its course it ls crossed from below ujtwards bj 
the branch of the suinrior cereliellir nrten to the inferior corpus quadngeminum 
It now runs forvranU at the wpjier border of the jions between and jiirallcl to 
the posterior cerebral and siqienor eerebellar arteries (1 igs 131 and 132) It 


INTERNAL MUSCLES 



Tl a portioa that » if pi m tl « latpmil miwclni is 
the nude ts of Eduigor M celpliat Tlie me Jieii 
n idPU8 (of wmvergi? ipo) i« tVie niicVr w of IVrlm 


See (tbo p 3 9 
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npjw'trs on the \ctitnl isficct of the hmm hetHcen the tempor'il lohe and the 
pons {lig 129) At fust medial nnd liclou the free margin of the tentorium 
ccrebolh, the -Ith nerve Roon conics to he beneath and to bo hidden by this mem 
hrano (tig 1 $0) 

Ihe "th none which takes origin fiom the lateral aspect of the pons just above 
its middle jnspcs forwards lielow nnd lateral to the 4tii (Vig 131) 

The 3rd none is nboio anil meilwl, but amcc its direction is downwards and 



Fir J37 — InsarcTiON to phw tup Otuors op tup •Itu Nebte 

( 1 WlWPf (FfTparolM* ) 


forwards and that of the 4th ahnost dircctlj forw irds, tliej approach each other 
ns the} proceed antenorl}, and as we ahall see, eventual!} cross (Figs 130, 
J3I, 132) 

Just before entering the middle cranial fossa b\ passuig lateral to the dorsum 
sell® and while still under cover of the free margin of the tentorium cerebelli 
the 4th nerve acquires a verv short covenng of araclmoid which it loses again 
where it pierces the dura 

(6) In (he Jltddle Cranial Foim — ^The trochlear nerve pierces the dura m the 
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lateral angle between the free ami attached maigms of the tcntornim cerebelli, 
and then lies in the lateral wall of the caTemous simis above and medial to the 
Gasserian ganglion and lateral to the pituitary fo«sa (Figs 131 132, 139) 

Here the 3rd ner\e is at first above and medial, but just before it enters the 
superior orbital (sphenoidal) fissure the 4th nerve ctossea it so as to bo at first 
lateral then above, then medial 

The first and second divi'^ions of the 6th nro below and lateral and in the sinus 
itself the Cth nerve and internal carotid arterj are below and medial 

(c) In the Superior Orbital {Sphenoidal) Ftaaure — ^The 4th nerve enters the 
orbit through the itule portion of the superior orbital (sphenoidal) fissure clo^e to 
its upper border above the cone of muscles with the frontal and lacnmal nerves 
which are lateral to it and the ophthalmic vein which is below it (Figb 133 
and 139) 

The 3rd naso-ciliary and the Cth nerves ami sometimes the ophthalmic vein 
pass through the fissure vnthin the annulus of Zmn 

(rf) In the Orbit the 4th nerve leaves tlie frontal nerve which is at first close 
to it at an acute angle and passes inwards and forwards beneath the periorbita 
(periosteum) (Fig 143) and above the levator and superior rectus (Fig 144) It 
divides up in a fan shaped manner into three or four branches winch siipplj the 
svptriOT^ oblujwe on its upper (or inner) surface near the outer (or upper) border, 
the most anterior branch entering the muscle at the junction of the posterior 
and middle thirds and the most posterior some 8 millimetres bevond its origin 

Nucldits A^D Connections 

The 4tli nerve nucleus lies m tho dorsal part of the cerebral peduncle deep 
to tho upper part of the infenor colliculus ventro lateral to tho aqueduct of 
Sviviiis and dorso medial to tho posterior longitudinal bundle with which 
it 13 m verj close relation (Figs 114 135) 

Lil e the Irtl nerve nucleus which js continuous with it above it represents 
the iipw ard continuation of tho l>ase of the anterior horn of the spinal cord 
It consists of multiiiolar nerve cclb «onie 40 to 60 p in diameter 
From the nucleus the fourth fibres nm first outwards to reach tho medial siir 
face of the mesencephalic root of V, then downwards parallel to the aqueduct, 
then at the lower border of the infenor collicuhis thej pass inwards to decussate 
compktelv (or almost so) m the anterior mciluUarv velum The fourth nerve 
thus crosses to the opposite side and each superior oblique is supplied from the 
opjwsitt fourth nucleus Tlie fibres emerge at the medial border of the brachium 
conjunctivum 

The connections are similar to those of the 3rd nen t 
Coummnicatioiis and Vaneties 

I V \ ) lip III til o itpr wall of tlie eavtmoiis sums the 'llh i rrve 
* Svo ibotnote p 181 


connected with tho 
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sjmpatlietjc on tlip coroti I artorj , ami h joinwl b\ n filament prolmbU ri'ntnininj: jin>prjo* 
ceptn o fibres from tJie opfilljaJnne th\ mon of V 

2 In onocasc tiu Itlinonc piercccl th<‘li\ftt«ronU‘» wa% tot!ioi*iii>onf>rol hqm (TlmneJ 
*1 Tilt nmo has Ijeen m RoNtral ca.M’H {•(mlmg a limnch fon^artl to the 

orbicularn pnlpebrnrnm or to join tin wipralrocl lt«r, tjii infralrocl Icar, or the jia.«al ner%o 
(Tliane) 

4 A commnnaation with the frontal «er\< »«reconl«lh\ Ilertt {'Ilinm ) 

Structure. — Tlio 4tlj nertc consists of about 1,200 fibres, mosth of largo ei7e 
It al^o shows close to its origin the \csligcs of a clcgcnenitcd ganglion (Goshcli) 
See also structure of the 1r<l uertc 




Fjo J 3 H Di^Fi-nnN to miow Hkj^tioss or rrit \r-Mr ti> thf I'lTtuii >• TrwroHAu Krnijo* 
IrrjM'^ai sim» rrc 

On ll > riel t »i It’ (I e (him luvt ti^m ront nrti t<i «} >vr (1 r !> n\ roleii nit 


l’u\CTICAb CONHIDM ATIOVS 

lHral\sis of the -Ith ucnc pnKluccR j»nls\ «f the stijKrior oblique 'flui 
m 

{a) 'llie greitcst liinttntion of riioiciucnt h retn when in tlu ndfluetwl jim*! 
lion the jntient asketl to look dowimanls Th»'> !•> liecnw the rujunor 
oblique i-. onh ileprt^’v'-or in Ihe ndiluetnl i*o-itioij 

(b) T he face js tunu d downwartl- and towards the sound side 

(c) Diplojna wcur^ on looking downwariN, and is IionKint , ukuk 
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Tlie fal^e innge i‘i below , and its iipirer end is tiltcil towards the true image, 

1 e in the direction of action of the paraUsed muscle 

Tuf ABDircrNs oB Gxn Ckasiai. Nebv'i. 

Superficial Origin.— The fith cranial ner\e emerges between the lower border 
of the }>ons and the lateral part of the pjramid bj «c\en or eight rootlets, some of 
which may actually pierce the pons 

Course. — It passes upwards forwanls, and slightly outwards in the posterior 
cranial fossa to jiicrce the dura oaer the hasiocciput , then runs upwards under 
this memhrane on the back of the petrous temporal near its ape\, then forwards 
through the cavernous sinus Finally it fiasscs into the orbit through the 
superior orbital fissure withm the annulus of Zmn to supjily the external rectus 
muscle 

Relations. — («} .4/ iM Ongtn — The two Oth nerves .are about I cm apart 
at their superficial origin, and between them lies the basilat artery at its formation 
from the tw o v crtchrals Sonietmies an asy minetncal v crtebral artery may curve 
upwards and lie under the nerve The origin of the 7th nerve to the outer side 
of the olu 0 is lateral (Figs 12H 174) 

{i) In Oie Pof-lmnr Crauxal Foya — The nerve, at first flat and fascioiilnted, 
soon becomes rounded and firmer Coveied by pia it passes upwards, forwards, 
and slightly outwards lu the cisteina ^lontis of the subarachnoid space (Fig 120) 
between the pons and the occipital bone (Fig 132) After a course of IS mm 
jt pierces the dura at the back of the bs«ilar jiortion of the occipital bone about 

2 cm ' lielow and slightly to the outer side of the posterior chnoul procc&s, and 
just to the inner side of or posterior to the inferior petrosal sinus which lies in 
tiio petro basilar suturo (Fig 138) 

It is plosteicdtotbc pons bytbc arachnoid (Fig 120) but does not receive a 
conijilete covering of this nieinbianc till a few millimetres fioni the dural 
opening (Figs 13J, 17-J, 175) 

Just be>ond its origin it is crossed by the aiitero inferior cerebellar nrteiy 
Usually, le in over four fifths* of the cises, the artery is ventril but it may bo 
dorsal or piss between the rootlets of the nerves The 3rd. 4th and 5th nerves 
are above, but are gradually npproathiiig the Cth as they pass forwards towards 
the middlo craiml foss-v 

Under the dura the Cth nerve crosses the inferior petrosal sinus from within 
outwards, and runs almost vertically up the hack of the (letrous temporal near its 
aiiex It IS pheed and held licre in a groove • (which may ho finite well marked, 
thoiigli not infrequently difficult to find) Having arrived at the eliarp upper 

• Th" sjihi no basiiiir sutun. la nboiit 1 S cm fnim Iho lop of tli« itorsum spHsd (II V llarrw) 
Jlinrs' lli(« Olh norvo pions^ tllo dura upponite the oertpilit liono 

• StopforJ J S U Jourii of Aiuit nnrf P/jja, lOIl-lfi, 1, mkI lOlC IT U 

• Ifovcl<vlf|UP. \cr/» Craiiirn^, p IWS 
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bonier of t!jc bono, it bends ‘ forwards practical^ at a right angle under the petro 
split noidal ligament of Gruber, and under the superior jietro^al sinus to enter the 
cavernous smus (Figs I3i 13S) The abducens ner\e and the inferior petrosal 
sinus enter the sinus together In an opening winch i» hnorni as Dorello’s canal 
(Fig 13S) 

(c) In Ihe Coiernom Stnm — In the ca%ernous emus the 6th nerve runs 
almo->t honzontallj forwards In the posterior part of the sinus the nerve wands 
round the lateral aspect of the ascending jiortion of the internal carotid artery. 



Fic 13S — pi^sEcnciN TO snow JvEBVEi rASs-iNC FKOM MiDoLE Cft-iSiAt FossA lOTo Oebit 


thus making a second bend,* this time, however, with its concavity inwards 
(Fig 13S) 

Farther foniards the abducens lies below and lateral to the bonzontal portion 
of the arte^^ (Figs 132 182) 

Tlie carotid is here surrounded a sympathetic jilestn, which sends branches 
of communication to the Cth nerve (Fig 132) 

« Sw? Wolff, Bnt Joum OpM , Jan I9*b 

’ Thia Rocond bend xanes greatlj It may be \etj slight, the ascending portion of the internal 
carotid just pushing the nerve shghtl) latcraU) or it may (na the author saw m one case) approach 
the right angle 
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In the Hter-tl of the emus from »bo\c doxin are the third fourth and 
fir'it and second divisions of the 5th ner\e (Eig 182) 

Usinll^ the 6th nerve lies nctnalli in the sinus surrounded hj a separate 
sheath, but it may be adherent to the lateral wall orattached to it bv n mesentery 

Outside the lateral vv all of the ainus is the Gasserian ganghon 

(d) In the Superior Orlnlal Fnsure — ^The Cth nerve is placed here within the 
annulus of Zinn at first below the two divisions of the 3rd nerve, then lateral 
and in between the two The naso ciliary is medial 

(e) In the Orlil — ^The nerve divides onto three or four filaments which enter 
the inner surface of the external rectus muscle just hehmd its middle 

Anastomoses 

From («} The Si/mpathetic m the cavernous sinus (6) From the Ophthalmic 
just before entering the orbit (c) From the Spheno Palatine Ganglion (Meckel) 
Vanations 

(a) The Cth nervo may arise m two parts which may remain separate to the super or 
orbital fissure 

(5) Tlie nerve or part of it ma} po«s above the I gament of Gruber 

(c) It may gvve a branch to the c»l arj ganglion (Ponrfoiir dvi Petit) 

(f) Tho nasociliary ncrveinay be n branch of the Cth <Krau«e) 

(«) Tbo Clli nerve ttiaj be absent {Cenemh) its work being done by the 3rd 

Nucleus ajid Central CoNhFCTioss 

The nucleus of the Cth nerve is a small snhencal mass consisting of large 
multipolar cells ly ing close toA he mid line m the^tegmcntal ))ortion o f t he pon^ s 
under covm of the _colUcuhi£jaciahi This is an elevation in the lloor of the 
fourth ventricle which is produced by the bend of the fibres of the 7th nerve 
(Figs 137 and nC) 

Tlic fibres pass forwards through the whole length of the ponf? first medial 
to the su^ionor ohv e then lateral to the pjTomid some fibres passing through the 
latter (Fig 160) 

Connections — Some oxoncs go from the nucleus of the sixth (or as is much 
more probable from an intercalateil neurone m the medial longitudinal bundle) 
into the medial longitudinal bundle to the 3rd nerve nucleus of the opposite side 
they arc concerned with conjugate movements of the eyes one external lectus 
working with tlio internal rectus of tbo opposite side The following* is the 
probable cour-o of the supranuclear iihics for conjugate movement of the 
globes Arising from the cortical centres in the frontal lobe the fibres pass in 
the anterior limb of the internal capsule and occupy a medial position m the 
ems Tliev cannot be traced farther than the upper part of the pons Varohi, 
but tiie probability is that they find their way through the tegmentum to the 
nucleus of the Cth cranial nerv e 

* Ifoed Trana OpJlh Soe s»n« p 30 VIwiAlbult SyatemoJ Med n p 78J 
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The abducen*! nucleus js also connected to the supenor oUre, bringing it into 
relation with hearing, and to Deiter s nucleus, which makes a commnmcation with 
the vestibular apparatus 

SoiiE PuAcncai* Considerations 

1 Division of the 6th nerve results in paralysis of the extern al rectu s muscle 
There is intemal^strabisi nns. The eje can move to the middle of the palpebral 
fissure, but no farther ~The diplopia is homonymous, and is worse on looking 
outwards 

2 Fracture^ o f the base of the sk ull are very liable to involve the 6th nerve 
owing to its clo'e relation to me apes oi toe petrous temporal bone 

3 Paralysis of the Cth nerve alone has no localising i alue The abducens is, 
in fact, the weakling of the cromal contents, and maj be affected in almost 
am type of cerebral lesion, whether near or at a dt^fanct from the nerve Many 
theones have been eioked to account for tins 

(а) Collier ‘ thought that it was due to the shifting bachcards of the brai n 
stem Tho^e nerves wbo«e direction was most nearly fronto-caudal would be 
mvoh ed before the other* 

Thus the Gth would be the first, then the 3rd, and lastlj the 7th and 8th, 

But if this were true the frailer 4th nerve, with its longer antcro postenor 
course, ought to be first affected It is sugge«ted that it is protected by the free 
margin of the tentonum cerebelli, m which it lies for a part of its course, an 
explanation that will hardly hold for an hntero posterior pull j 

(б) Cushing* showed that the antero inferior cerebellar arteiy when it ran 
ventral to the Gth nerve* (a relation present in 86 per cent on the right 
Bide and §1 per cent on the left) might, as a result of increased mtracramal 
pre-.«ure, pre«s on and groove ihe nerve and the underljmg jions, and thus 
produce an external refctns palsy. 

(c) The author* suggested that the important factor was the bend fho. 
s harp aiiev of the petrous tem nnial, -If we consider a tumour m any position m 
the cranium there will come a time when, owing to the mcrea*e of mtracramal 
pressure, the brain will be forced to its largest outlet — the foramen magnum — 
and foramina! herniation ensue As a result of thi» the medulla and pons will 
tend to move dotinicards Now the Cth nerve is fixed to the pons and more or 
le«s held m the cavernous smus It wiU therefore be pres«ed again*t the sharp 
upper border of the petrous temporal, with tesultmg intemiption of conduction 
and palsy of the external rectus Blows on the vault of the skull, quite apart from 
tho*6 which are complicated by ba*al fractures mvolvmg the apex of the petrous 

1 CoUier, J Bratit 1904 xxni p 490 

* Han-er CXislangr Dram 1910-22 rm i 

* Stopfoid, se« p •O'* 

* E Molff, Bnl Jovm. of OphA , Jen 192S 
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temporal, mU! also tend to force the hint! brain dowTivards, ■\tith resulting tention 
in the (itli nerve. A similar condition of movement towards the foramen magnum 
will follow compression of the skull in difBcult labour with or witlioiit forceps, and 
probably explains the Cth nerve birth palsj'. 

4. Orndenifjo'n S>fn<honte . — A jialsy of the dth nerve and severe unilateral 
headache in Buppurati\ e middle-ear disease. Tho (ith nerve is involved at the 



Fio ItO — D issection or Orbit r»Oii is rjtosr. 
Stngo I Orbicuinns oculi 


apex of the petrous tcmjwirnl by direct Bpread of infection, usually through a 
IHiounmtic condition of the Iwiic. 

An nhdiiccns and facial paLsy existing together suggest a lesion of the floor 
of the 4th ventricle — uhcrc the fibres of the sexenth have such a close relation 
to the nucleus of the Cth 

The Symhome of JIiUard’GShler consists of a facial and sixth palsy of 
the tame side os the lesion with a licniiplegia of the ojijmftitc side The facial 
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p■^U^ I'l of the lower motor noiironc tjpe, le m\ol\cs the whole ncr\e Tlie 
sjmlromc is due to a bu\bo pontino lesion 

(i According to Grej, diiision of the Cth iicne resiilts at times m ptosis and 
smalt pupil owing to tfie h^mpathetlc fibres it contains 

7 Conjugate * deviation of the ejes may Ixs due to an trnfobie lesion of the 
supninucleip fibres, or a pnrahjltc legion of the sixtli nucleus * or its connection 
witli tlic 3rd ncr\o of the opjiosito side In the former ca'se the ejes are forcibly 
turned to one or other side from tonic njnsm of the associated muscle's, in tlie 
latter the patient is umble to turn theejes to one or other side owing to paralysis 
of the a'ssociated meciianiMiis 

In a cortical hTniorrliagc the o^cs look towards the side of the lesjon in the 
brain In a pontine liTmorrlmge iniolitng the nucleus of the 6th the patient 
cannot look towards the ■•ido ofthe lotion, and often has an associated palsy of the 
facial nerao of the lower motor neurone t^|»c on the same side. 

Till 'iTii Cranial or Tuiciminal K>rie 
The trigeminal, the largest of (ho cranial nerves, resembles a t-vpieal spma l— 
ncr\c it has two roots _son«orj and motor, nnd_furyiprj.oiuthe^cnsor> root, 
jhcro i s a lar ge gaii^ion ’ — — * 

Superficial Ongin — Tlie t ^o i *ortions of the 5tli ner\ c arise close together 
poniowlmt aboao the middle of the lateral surface of the ponSj,, Ihe sensori, 
portion IS much larger than the motor Riortio minor), winch is phecd aboiVand 
internal to Its companion {Figs 128 and 131) 

Course and Relations --'I he two jiortions of the trigeminal pass almost 
directh forwards with onl} a %erj slight inclination upward', in 
<rcumal_fOssa tow an^a notch at the upper border of the petrous temporal w hich 
thc i rcach _nftcr_ a course of a liout 1 tm lhe\ are surrounded bi se p arate 
ehcaths _of ina^liut emlo-'cd m a tommon coicnng of-anchnqyL>vlnch accom 
pantesjhem to the ganglion Pnncetcau has shown that the arachnoid is 
rc tlcctc d on to the two rebts , Imt is at first some distance from them a complete 
dieathohVi being forihcd'ir few millimetres behind the apex of the petrous 
temporal Its relation to the iiene is in fact tint of the canvas of a tent to its 
ccntrif iiofe (Fig fi'TJ 

The facial, auditor^ and pars intermedia ar e htlnw and di\erging towards the 
internal aiiilitorj meatus Al/me ts the cerelioHuin, the free margin of the tentor 
lum cerelielii with tlie 4tli ner\e close under it 

The 0th nene which is at its origin some distance (about IJcm ) beloAi and 
nieimi lo the '>th gradiinllv approaclies it, and comes to lie quite clo^e to its 
inner aide at tlie apex of the jictrous temiwial (Fig I3SJ 
' See Upb 1 i » Albuti s i of Med erne vi j 782 

s As tslalp*! on p 201 jt js rnnch more probable that the fibres wjjicli go fo the opposite lJurd 
nucleus nri-ie ni t in the sixth iiuckiis l ul hi an inlerealated neurone situated in the medinl longi 
tu linal bill (lie abo\ e it 
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Tho '»th nerve pierces > the dura under the ntticlied margin of tlie tentonum 
cerebelU which contains the superior petrosal sinus, and having spread out in a 
pleviforra manner, joins the posterior concaic border of the semilunar (Gassenan) 
ganglion (Figs 1J8 131)) 

The Semilunar (Gassenan) Ganghon is the eensorj ganglion of the 5th nerve, 
corresponding and hiving a similar structure to tho posterior loot ganglion 
of the spinal nerves It is also liable to the same affections ‘ It is somewhat 




Fio IVl — misvmON OT OnstT moM iv titONT 
Staj,e 2 Orb cuJarw irOrctwl to «> ivr septum or! italo 

) 1 4'uMrwi') 

crescentic or Iwtter, beinsbiiiwl in apiicinuce tlie hiliim being directed 
backwards The ganglion is wimo 4 cm mwliil to a point just above the 
articular tubercle at the root of the vjgoma It lies in a bonj fossa on tho front 
of the ajiev of the petrous temitoral and btlow this covers that part of the 
‘ It tl IK poKHTii 1 ) n >gh n rt of form n formed parti> I y tl o i otcli pi tl e gbarp i n cr bor ler 
of il «* prtn ug lompurni nr d portly bj lie allacl «i nurgin < f tho (enter um u| icl I ridKcs over it 
(fiK I3«} 

■ tsutnblv giu giionilu, prod jcii g abii gteo or! rrpos 
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cartilage of foramen lacenvm avliich o\erlies the internal carotid artery It 1*1 
enclo'^ed m a «heath of dun mater, known ns the caanim meckelii to the roof of 
which it IS firmh attached, while on!\ loo^ areolar tissue ‘ connects it to the floor 
To its outer <i<fc the ganglion hac the foramen sp inosum transmitting the 
middle meningeal nrteri, whicli is therefore, an chsiruction tn approaching it bp 
the temporal route To its tuner side is the cavernous «inus, the internal carotid 
arter\, and the 3rd, 4th, and Cth nerves (Figs 131 and 132) 

To the inner side of the-^e agam is the pitmtara bod\ 

Aboie the ganghon !■> the iincus and tenijioro sphenoidal lobe, deep to it are 
the greater and lesser pupcrfienl petrosal neiaes, the motor root of the 5th and, as 
Ins lieen said before, the internal carotid artery 

The Motor Portion of the 6th none has no connection with the ganghon, but 
lies on its deep surface, crossing from the medial to the lateral side to join the third 
division of the tngeminal, and ci entualK supplies the six muscles of mastication 
The posterior border of the ganghon is concaic, and receives the expanded 
sensor} root From its anterior convea border the three divisions of the 5th 
nerve are given off, namcl} 

The first or ophthalmic , 

The second or maxdlara , and 
The third or mandibular 

Apart from tlie«c branches the ganghon rccenos eoinmunicatioas from the aympathetio 
round tho internal carotid srtcr> and from its posterior part a few f laments pass to the dura 
Small occtMory gan/jiia mai be found along the concave border of tho Oa>5er)an ganglion 
corre>i>ondmg to the accessor} gatigha found on the |>ostenor root between the posterior root 
ganghon and the apinal coni 

The OpirrnAEinc Ker\e 

The O p hthalmic Nerve, the smallest of the three divisions of the tngemmal, 
comes off the medial and iipjicr jiart of the convex anterior border of the Gasserian 
ganghon 

It runs fonvards m the lateral wall of the caaemous smiis enclosed m a 
separate sheath of dura which is a contmiiation forwards of Meckel's cave* 
The 3rd and 4th neraes are above it. the mtemal carotid arterv and 6th nerve 
medial and the maxdlar} nerve below and lateral 

After a course of about 1 m {2 5 cm ) it dmdes just behind the superior 
orbital (sphenoidal) fissure mto three branches, lacrimal frontal, and 7ia«o- 
ctliary winch pass through the fissure to enter the orbit 

Commimications — In the caremoiu smm it « joined bj branches of communicatiOQ 

• According to Burr and Robmson iAnol Bte ISSi xxix ’*6*1) tl ere is ®n extensive subarach 
noid ‘qiace around th*' roots of tl e tier> e and proximal two tl irds of tl e ganglion wl icli commani 
cates freely with tl e cistema pontis an t accounts for some of the disastrous results from irgectiODs 
oftt e Gassenan ganglion 

* Hence it IS necessar} to incise the dura of tha outer wall of the sinus and tf en the proper sheath 
of the nen e before it is exposed (Horelaeque) 

14 
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from tho Or el 4tl« im<l_fth iur\es (prol abl> j roj nocoptnc) nnd from tlic fi\nipntliptic 
roiiruf tlio intenifll enroll J nrterj It ftJ o sonU a rreurret I branch (tlw ncnin tenloni of 
Arnold) to the tinUrmrn Tliw nervecomtsoff near the origin of the oplithalmic find pa^^es 
bachwanb* tocroas the 4tli It is iisnnllj cIos«lt a<nH.rcnt to tilts nerve and not mfrtquciitlj 
pa«»<s through it (henre it Jias been descnlicd as a braneli of tlie troclilt,ar) to rtach the 
tentorium 


The Lacnraal Nerve, -tlie of the three termiinl branches of the 

ophthalmic, irises in the anterior part of the middle cranial fos'^a 



TtiarrnJTvou (lio Iraaul rrnn« of ihn w |•crl>>r> uUIii CnottI omt raiutti atli a arkbl ti> ilnw altontlon to It, pmio cr iu> 
it i, (Ut to to ho u otakoB for II o Iw rto aI foott in oipnoi i|, t •« UrrI n*! to 

>10 N"* — DisaEtTTios or Onorr raoM in fnoNX 
Stage 9 iw>| lum mnovni 

(Jiakoro JtMjffifom ) 

It pis-NCS throiiRh the uide portion of the suikcnor orbital (sphenoidal) fissure 
above the annulus of Zmn to the onter Ride of the fnintal and 4th nerves and 
above and medial to the ophthalmic vcm In the orbit tiio nerve runs outwards 
parallel to and clo^o m front of the narrow * iiortion of the sphenouln! fissuro, 
> A« pointoi o it t} Korclncq lo it does not pa«i througb (bia nnrrou jxirt n urt) d dsmiro on la 
tuiinll} stated nnJ fgurtxL 
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liG 143 —Dissection or Orbit trom ABO^'E 
Stage 1 To show tJ e penorbit* t) e roof has been remot ed 

^Allllar f dutKtba 

distal t^^o thirds of its relation 'with the external rectus, it is accorapamed by 
the lacrimal artery 

* Tho course of tlje lacnniaj ner\ e >s well descnbed by the expression en I alounette that is 
following the shape of the old fasl loned ba>onet r* {Hoselaeque and Reml ol 1) 
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Jiist before rcaclung the gland the nene ‘wnds an anastomotic tmg to the 
zjgomatic (temporo malar) ner\e , then, having passed through the gland to 
which it sends branches, it supplies the conjunctiva and the skin of tho outer part 
of the upjier and lower hda which it Teacl\ei» bj piercing the palpebral fasen 



Fio 144 — DissEcno'f or Orbit from Aboie 
Single? Pmorb (a moo^oil 

Variations — Absence if tie Incrmuil roiae 1ms Usn rrconird Sometimi-s the nerve 
is much smaller than usual nml then is itinforced 1)\ e bipgir Ruastomotic braiicli from the 
Icmpc ml brancli of thi temporo-maTar Hjrtl ijiiotisl by Quam) On the otl cr 

ban 1, the lacrimal nin\ replaci tliu* temporal Ifrancli (Tliane) 

A fairb constant branch to the Jorniiuil appears to come from the 4th nene , but most 
prvibciblj tlu-s realU <leri\eil from llie ophthalimc Comit umeations ftotn llie naso-ciliarj 
and aupi nor niaxillan mnes Imve bisn seen bj Delbet 
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TheFrontalNervB,thelargestofthethreebranchesoftheophthalmic,ari‘!esinthe 
cavernous sinus just behind the sphenoidal fissure throughu hieh it enters the orbit 



Fig 145 — Dissection or Obbcc raoM Above 
stages Le^Ato^ and supenor icctus reflected 

^Av$ho1*t ifuietfiOTt.) 


In tlie fissure it is placed above the annulus of Zinn betn een the lacnmal and 
the trochlear 

It runs almost directly fonvards under the periosteum (penorbita) and on the 
levator palpebrtE supenoris. 
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About the niuldle of the orbit it diviilw* into supratrochlear ftiicl supra 
orbital branches 

The Supratrochlear Nerve (fig 144) much ^mailer than the supraorbital, 
runs m\\ nrds ami forw ard's to imits above the pulley of the superior oblique near 
Trhich it sends a tvvig of communication to the tujralrochlear branch of the nasal 

In company m ith Xhcjrotiial nrterv and under cover of the orbicularis and the 
cornigator siipercilii the supratrochlear curU up over the orbital miigin about 
1 in (1 2 ) cm ) from the niid line It sends branches of supply to the skin the 
low er part of the forehead on one or other side of the mid line and to the upper 
lid and the conjunctiva 

The Supraorbital Nerve, much the larger of the terminal blanches of the 
frontal continues the direction of the parent nerve It lies on the levator with 
the supnorhital arterv medial and leaves the orbit in company with this vessel 
bv the supnorhital notch or foramen 

A erj often the nerve divides withm the orbit into medi il and lateral branches 
(Fig 144) The latcril branch then occupies the supraorbital notch and the 
medial passes out of the orbit about nudw ly lietween the pullev of the siijicrior 
oblique and the aupraorbital notch Usually it has a notch (frontal notch of 
Ilenlo) or rnrclv n foramen of its own 

The supraorbital nerve brcai s up into branches which anastomose with each 
other and supply the forehead and scalp to the vertev or even farther back the 
uppertjchcl and the conjunctiva Those to the sro?/) run up on the bone (some 
times grooving it) imdei the orbicularis and frontalis winch thej pierce at 
intervals Those to the upper lid jiass through the orbicularis The nerve also 
sends a twig to the diploc and frontal sums via a small aperture m the floor 
of the supniorbital notch 

The Naso-cihary (Nasal) Nerve in-ta from the inner and lower part of the 
ophthalmic heing as a rule the first of the three terminal branches to he given off 
Internictliato in size between the lacrimal and frontal it lies at fir'^t in the lateral 
wall of the caternotis sinuv It pas es through the superior orbital [nphtnoulal) 
jissure withm the annulus of Zmn l>etv\ecn the two divisions of tiie Jrd nerve 
clo'O to the sympathetic root of the ciliarv ganglion v\liich is below and medial 

In the orbit it runs inwards, with the ophthalmic arterv above the optic 
nerve, in front of the superior dmsion of the ‘Ird nerve (Fig 146) and below 
the SHjienor rectus muscle 

It now pai-es betvrcen the sujicnor oblique and internal rectus to loav o the orbit 
with the nntcriorethmoiclalartcrv bv the antenorcthmoidal canal whicli is placed 
between the frontal and ctlimoid Ikmics It apjieus m tlie anterior cramal fossa 
at the suleofthecnbnforin plate of thoctlimoid thohiteralpartofw Inch it grooves 
to reich a sjiecml sht lietween the forepvrt of this plate and the front il hone, 

* I tMnal arm — 1 1 e ]k uit ot (lit is on of the rnmlal grratlj It maj be nnywl ere fror i t) o 

onio 1 tit t) p > me to just Ixl n I tl o ■ rt ilai maisin 
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winch leads it to the roof of the nose In this portion of its course it hcs partly 
under or cntirel\ in front of the anterior portion of the olfictorj lobe (Fig 153) 
In the cnnly it gl^e'' branches to the anterior part of the 'septum, and 
to the outer wall of the jio«c including the anterior portions of the middle and 
inferior turhinals The na«al nor\e next lies in a groove (Figs 12 and 153), some 
timc> comerted into a canal on the posterior asjiect of the nasal bone between 


Fio nr — Di»9ecna> or i 


which and the lateral nasal cartilage it makes its appearance on the/ace to supply 
the skm of the lower and antenor part of the nose 

Thus we find the nerve siicces«ivelj m the middle cramal fossa, in the suiierior 
orbital (sphenoidal) fissure, m the orbit, in the antenor ethmoidal canal, m the 
antenor cramal fos'sa in the nose and lastly on the face 

Branches — (a) The Long or Sensory Root of the CtUary Ganglion is given off 
in or just in front of the supenor orbital (sphenoidal) fissure It is a slender 
nerve about ^ in to 4 m ( h-1 25 cm ) long which passer, along the outer <!ide 
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of the ojitic nene to mch the upper and pontenor pirt of the gnnghon 
(ft) The Long Cihanj yenea tuo m nutnher come offas the na<Kil cro'sses the 
optic nenc, to the inner side of which thev come to lie Tliey run with the 
short cihanes anastomo mg wnth them pierce the sclerotic, and iiwing between 
thiN and the choroid suppl} aenHtri/ fibres to the in# cornea, and cthary muscle 
and dilatator fibres to the pw])t( (see p 275) 

(c) The Posterior Ethmoidal Nene (of Luschka) is onU present sometimes 



FlO 14" — Dl«Sr<TION TO SHOW 0BRIT\C> NKRltJ FflOW IV Tkovt 
CSi»n4«n IviWsrf s^l**) 


It enters the jk) tenor ethmoidal foramen \nth its accompanying arteri, and 
supplies the sphenoidal sinus and posterior ethmoidal nir cells 

(d) The Infralrochlear Nene (Figs 142 144) is guen off jiist heforo the 
nasociliary leaves the orbit It runs forwards near tlio lower border of the 
Riipcnor obUipie and passes below the jralloN of this muscle neat winch it gets a 
coraiminication from the supratrochlear to appear on the face * 

» n o « lo of ili\ iiunn into I ninchaa l« us ullj insi I® tl ^ orb t n j>oint wl ch i sol to bo of soni® 
pmctK'nl Jrnpi rtnnw {Ilo InJ 18S’) 
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It breaks up into its branches mUicU suppl> the skin and conjunctiva round 
tho inner angle of the c\c the root of the ntwe the Jacnmal sac and canaliculi, 
and the caruncle It anastomoses with the supraorbital and infraorbital nertes 
VanebK — Ab-cncc of the mrmtrochlcar nerve has been notcvl (Testut) its place being 
taken by Die siipratrochlrar Branches have been Feen passuig from the nasal to the levator 
(Fii-Abeck) , to the 3rtl ami fith nerves (SuitzerJ , to the tnucotis membrane of the frontal 



sinus and ethinoidnl nir-cells &■> the nerve lies m the anterior etlimoiilal canal fMeckel and 
Langenbeck) 

The Jvosal Nerve, either dtrecUif through the Jong ethanes or tn<Itrectli/ through 
the short ciliarjgs the sensory nene to the u^ofe eyeball 

Thus there ts good analomtcal ground for the statement that tf the vn<>(d branch 
of the ophthalmic {duisiaii of the trigeminal) ts tnvoltecl tw Herpes ophlhahmcus t7ie 
eye i5 vsxially affected as uell 

The CitUBi GAaoMoa * 

The Ciliary ( Ophthalmic or Xenticufar) Ganglwn is a small reddish gre^ some 
what quadrilateral body about the size of a pin’s head {2 mm in antero posterior 
• The cil firy ganglion is most easily found by first aotatu g the ner\6 to the inferior oblique 
Tf IS can be done by exyoamg the inferior obi qu® from lu front then it is quite easy to see the 
nene as it crosses the middle of the posterior bonier By pulling geiitlj on tho nerve it can readily 
be identified behind the globe and so leada one to the ciliary ganglion 
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and 1 mm jn \ertical diameter), situated at the i>ostenor iwirt of the orbit about 
1 cm from the optic foramen between the optic nerve and the cxtemal rectus 
TOM'^ele It IS m close contact with the nerve, but separated from the muscle bj 
some loo-se fat UsualK also it is in close relation with the ophthalmic arterj 
(Figs 145, 140) 

It recciN ea postcnorlj three roots jFjg 14«»> 

(1) The long or sensory root , 

(2) The short or motor root , 

(S) The snupathetic root 

(1) The Lon<! or Senwry Hoot comes from the naso ciltarj, and is given off 



os ■= optic tioiae IC »• intcnial carotiJ arl<a> ^ nme to superior rectus L — none 
to kvntor M uetto to mciUal rectus L C — lonR iitiarv tiervo S U =. BytniMitheu<; toot 

jii>>t after that nert e hah enteretl the orbit It is aslender nerve about Cto 12 mm 
long, which pa'.'sos along the outer side of the optic nerte to reach the upper and 
pohtcnor part of the ganglion It contains ecn'mrj fibres from the comm ina 
and cilinri/ both/ and possibly (from tlie svmpathctic fibres which often join it) 
dilator fdices to the pupil 

(2) The Short or Motor Hoot comes from the nerve to tlie inferior oblupie a few 
millimctrts lietond the point where the nec'cari''es from the infenordivisionof the 
oculo motor much thicker than the aensorj root onl\ about I to 2 mm long and 
pts«es ujiwards and forwards to enter the jwsten) mfenor angle of the ganglion 
It carries the fibres of su|)pl> to the sphincter pnpillai and the ciliarj mu'«cle 

(3) The Pool comes from the plexus around the internal caiotul 

arterj It passes through the sphenoidal fi«s«rc within the annulus of 7inn, 
irifero medial to the naso ciliaia It lies below and clo>-e to the long root, with 
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w hicJi It ina\ lie litcntled anti enters the posterior border of the ganglion betn een 
the other roots It c irnc? eonstnetor fibres to the blood i easels of tlie eye, and 
jiDS'ililj dilator fibres to the pnpil 



Fw ia«— SrmoN or tub CatAXi Goolios (Vailori s PaospaoTV^a H<cir) 
Note that tfii> ganfrlion rrlU oUo foun I in the hranche-, of th^ ganglion 

i 1*1«» ti yrrpv/al an ) 


BBA^CJreS OF TJIE Ga>OUON 

The Short Ciliary iVcrtM rik to ten m mimlier, are delicate filaments winch 
come off in tno groups from the nntero superior and antero inferior angles of the 
ganglion respcctivelj Thej run a course, with the short ednry arteries, 

abote and belmi the optic nerve tlie loner group being the larger As they 
pass forwards thej anastomose with each other and mth the long cilianes and 
having given branches to the optic nerve and oplithalmic arter} pierce the sclera 
around the optic ner\e Thej run antenorlj between the choroid and sclera, 
grooving the latter to reach the cdiarj muscle on the surface of which thej form 
a plexus which supplies the ms, ciliary body, and cornea 

The cilnrj ganglion which contams multipolar^ none cells forms a cell 
station for the fibres of tlie 3rd ncrae Yet the short ciharj nerves are medul 
lated Tims, as Gashell pointed out they arts the onlj medullated post gangbonic 
fibres in the body (see also p 3G0) 

Varieties — The aiiort root may be absent, the ganglion tlien on the nene to the 

mfenor obiique AdcUtional roots liaxe been dcscribeil from the trochlear (Krause and 
1 Oaiighon cells are also often foimd along the diort ciliary nerves (Figs 150 and 151) 
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Tilsman), from the fith iior\e m n casewliere theoctilo motor wfw absent (Pourfourdu Petjt), 
and from the lacrimof (Quam) There maj be multiple sjnipathetic roots The armory 
root nmj come from the ophthalmic or (he supraorbital (Smtzer) 



>10 191 —SnoMiNu Oanolion Ci ix» is THr tiionT CiLiAny Npiivi s 

(J nlW* ftfjMailn ) 


Tirn Superior Makillari Mfuie 

The Sujiertor MaxiHari/ Aene, or second division of tlio .'ith neno, i-s inter- 
mediate in 8I7C lictwecn the ophlhalmic and the mandihular, and comes off the 
middle of the come\ anterior Iwrdcrof the Gasserian ganglion It runs font aids 
m the lower angle of the ca\crnous sinus jii a groo\e (Tigs U1 and 1S2) on the 
great wing of the sphenoid, which leads it to the foramen rotiindiim. 

It paws through this foramen (which is usually a taiial) into the idcrjgo- 
pidatmo {sjiheno inaMllarj) fossi It now turns laterally behind the orbital 
process of the palate bone , then, changing its name to mlraorbital, runs forwards 
first in the infraorbital groo% c, then in the iiifraorbitnl canal to emerge on tlio face 
bj the infraorbital foramen and di\idc into its tcnmnal branches — pilpobr.il, 
nasal, and labial 

Relations. — (a) In Ihe Cntnial Caiily — It lies m the lower angle of the 
ca%ernous Pinus, surrounded by a culT of dum mater continuous with that of 
MeclvclV taie Aboc^ it, is the ophthalmic division of the .'ith nerie, wliilo 
lalerctUy is the temporal lobe of the brain 
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hen the sphenoidal ‘?mus is Hrge it mav «end a prolongation into the great 
armg of the sphenoid betv,een the foramen ovale and rotundum uhtch may account 
for the nene being tmohed in sinua di'sease |Hoiehcque) 

(6) In the Pierygo palatine (Sphenomaxillary) Foica — ^Here the nerve is in 
do e relation anth the termination of the internal masiUary arterv and a plevus 
of a ein:> It is also do^elv related to the ethmoidal air cells in the orbital process 
of the palate bone and »nai/ he tnioft«7 iii ethmoidal disea‘»e here (Eatnadier) 



l7t tit Flow tjj iht Oilat — ivt ‘iV* ■wAvH'OTV/AtiV "A vs trtAtatA \»a 

penorbjta and in the canal b\ a thin plate of bone as irell 

It causes a ndge in the roof ofthe niaxilhra antrum and sometimes when the 
canal is deficient maj actuaUa be in contact avith the niucou> membrane 

The infraorbital artera is a terminal branch of the internal mavillarj at first 
lateral in the canal it pa«ses through the nerve to he on its medial side 

(d) On the Face — ^Thc 'harp upper margm of the infraorbital foramen, winch 
IS the point of exit of the mfraorbital neiae can often be felt about J m below 
the tubercle on the lower orbital znaipn which marhs the suture between the 
zj gomatic bone and the maxilla The nerte hes here deep to the elci ntor of the 
upper lip and the orbicularis oculi 
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In the cr'innl caritj 
In tJic t-plieno inaMihrj 


In the infraorbital canal 


On tiic face 


Bn4\CHFS 

Recurrent or Meningeal 
fZjgomatic (tcniporo malar) 

{Spheno palatine 

I^Poatenor Bupenor alaeolar ^dental) 

{ Middle superior alveolar (dental) 
Antenor suiienor alveolar (dental) 
{ Palpebral 
■! Nasal 
IL-abial 


Tlio recurrenl or wiemH^Crtl hrutieh comes off clo'.e to the Ga'scerian ganghon, 
and follows the middle meningeal artcra 

The Zygomalic {Tcinporc malar or Oibilal) Xene enters the orbit bj the 
spheno mavillarj (inferior orbital) fissure and soon duides into zjgomatico 
temporal {ffuiporfil) and zagomotico ficial (malar) branches 

The Zygomalico temjMral Branch nma upw irda in a groove on the ontei xiall 
of the orbit, jirca « fonimunicflliny (icij lo the Incrinml rierre, which camea 
secrotorv fibres to the lacrimal gland and then enters a canal in the malar hone 
whicli leads it to the temporal fo'»<ia It now ascends pierces the temporal 
fascia lichind the malar tubercle, and having joined with branches of the facial 
supplies the «hin ov er the anterior jiart of the temporal region up to the 1 vteral 
orbital margin 

The Ztigomaiico facial ( Ifafiir) Branch likewise eutei-s a canal in the malar 
bone winch leads it to the face vilicre, having joined with branches of the facial 
and pierced the oibiciilaris it supplies the skin over the malar bone 

Varieties — Tlip o\p wrve tnn\ ewlPT one canal and tJ cn ibsido «i the bone 

It If lilt lapriimil comm inicatmi mei replace llio zigomntico teinpornl biaiicJi and u 
tw ip from tlip irifniorbitnl lake flic place of flu* Romntieo faejat lirniwb 
Tfi' Z /jomntieo fncuil liranch mum come out on tlio face as two bmnehe* 


The Spheno pahlinc Brnnchei two m miinber de'seend to tbo splicno palatine 
ganglion 

The Posterior Superior Ahtc^ar (i>C7ifrtl) Branches arise ju»t before the nerve 
enters Vue inlraor’iHta) groove Tlicj nm down the iiostcrior surface oi the 
maxilla snpplv the gum inter this asjiect of the bone bv the posterior dental 
canals to reach the upper molar teeth, to each of which tbev send three branches, 
winch enter the apices of the fang-* 

The Mill Ue Superior 1/j tolar {Dental) Kent comes off m the back part of tlie 
infraorbital canal nins down in the lateral wall of the antrum to supplj the 
firo btciisptil teeth It al«o sends twigs to tho gums and mucous membrane of 
the antrum 

The Anterior Superior Ahc^ar {Dental) Xene arises from tho lateral side of 
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the infraorbital near the infraorbital foramen belon which it pa'^'^es to reacli its 
medial side, then runs donn m the anterior wall of the antrum to the mucous 
membrane of uhich it gives twiga and supplies the upper vicisors and the canine, 
and also sends a branch to the inferior meatus of the nose 

The Inferior Palpebral Branelt runs upwartU and supplies the skin and 
conjunctiva of the lower hd 

The Lateral Nasal Branches siipplj the skin on the side of the nose 
The Supenoi Labial Branches supply the anterior part of the cheek, and the 
skin and mucous membrane of the upper hp 

The SPHE^o paiatdve Ganglion 

The epheno palatine or Meckel a ganglion is situated in the upper part of the 
sphenomaxillary (pterj go palatine) fossa, just lateral to the spheno palatmo 
foramen and suspended from the maxillary nerve bj its spheno palatine branches 
(Figs 146 and 152) 

Roots ‘ 

Sensory — Spheno palatine nerves 

Sympathetic and Motor, — From the vidian This nerve is formed m the 
cartilage of the foramen lacerum bv the union of the great superficial pelro«<«l, 
from the geniculate ganglion of the facial, uith the great deep petro«aI of the 
sympathetic plexus around the mtemal carotid arterv (Fig 153) It passes 
through the Mdian canal m the sphenoid bone, which commences just abo%o the 
pterygoid tubercle and ends m the spheno maxiUarj fo'isa, where it joins the 
ganglion 

it is behoved that the great superficial petrosal carries fibres uliich omII 
eaentuallj supply the lacnmal gland, which thej reach am the orbital branches 
of the spheno palatine gangbon or the zjgomatic neiae and its anastomosis with 
the lacrimal 

Bb«iches of the Gangeion 
Ascendmg Orbital 

, / Grr'ii' JAntenpr) jnaJAtxoo 

Descendmg ( Acce~«,ry palatme 

Medial JCasal 

Po&terior Pharyngeal 

The Orbital Branch passes into the orbit via the inferior orbital (sphtiio 
maxilKrj ) fissure to supplj t lie periosteum the posterior ctlimoidal air cells, and 
sphenoidal sinus (Luschka) 

Branches* have al=o been described going to the Cth ncr\e (Bock and 

> rrobnblr I) o onJ>^ nen-p whuh AciiMlIy nuLes n reH statjoii jn Iho igsngjjon u IJ <» super 

fiejal petrowil T1 o otl rrs simplj paM I j or through «t 
• QuoleiJ bj Quam 




Fic 153 — \KnrK9 or Tiie Lati ilu, n all or tjie yosi* 

iFrvm the Jmt)ur*4 ShoHer ) 

through thcaretsaorypiiIatiJicfornmma andmippl} tliesoftpatate uvula anti palatine toiKitl 
The Nasal Branches enter the ni>s« bj the eplicno palatine foramen anil eupplj the 
fupenor anil muldh liirbinaUi the upper |>nrt of tiK »rptum end tlie pOMterior ctlimoi lal air 
cilL'^ 

The Naso*palatine Nerve enters the nose b> tie ephino palatine foramen crOK«ea the 
roof then ilescendi in a prOo>e m tlio septum, gmng hronehes to the miicuua membrane 
all along its cour«o It paws through tlie foramen of Scarpa {the left nine anterior tho 
right ivxstrner) anil ends m tlie tniic ms membrane of the hord palate and gums 

The Pharyngeal Branch passes backnanls to supply the pliarynx Ixhmd the rustachian 
tulw 

ThF MAKOlBCUiR J»EU\E 

Tlie nmiuhbiilar or third division of the 5th ncr\e i3 made up of two roots 
The Sensory Portion comes from the Gassenan ganglion, tho motor part is the 
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motor root of the tngcmmil, the whole of which goe^ ^nth this division to 
Biipph the SIX muscles of mastication 

The two roots pa.s.s through tho foramen male and almost immediately unite 
into one trunk, which has the tensor paHti and Eustachian tube medial and the 
external pterygoid and middle meningeal artery lateral 

The Foramen Ovale lies to the outer side of the base of the external pterygoid 
plate 11 itk the moiilh open so as to get the coronotd process out of the xcay pass a 
veedlejust beloic the zygoma ami I tn (2 o em ) tn front of the temporo 
join/ directly tnxcards H strtles the external pterygoid plate ^ow direct tt a Utile 
bachtcards ami vpiranls ami tl enters the foramen 1 J tn [-t o cm ) from the surface 
If ptish&l too far tt enters the Emtaehian tube 

XnCLELS AW CfVTRtL CONNECTIONS OP THE OTH \tRVE 
The Sensory Nucleus of the ‘»th nerve is shaped like a tadpole (Fig 154) 
The heotl forming the main sen«or\ nucleus (nucleus sen-sibilis o of V mkler) lies 



m the lateral dorsal part of the pons lieneath the superior cerebellar peduncle 
The tail forms the bulbo spinal nucleus (nucleus sensibilis b + niicl gelatinosus 
of V inkier) and becomes continuous with the substantia gelatino-'T of Rolando 
at the level of the 2nd cer\ ical t ertebra 

The fibres of the sensory root which come from the Gasserian ganglion on 
entenng the pons divide into ascending and descending branches as does any 
ordmars spmal nerve The ascending fibres mostly end in the upper expanded 
part or mam sensory nucleus 
15 
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TJic descending fibres form the tractu9 spinaha of tlie trigeminal nerve, and 
enter the bulbo spinal nucleus at vanous Ie\els 

The mam sensorj nucleus (nucleus sensibilis a of Winkler) most probably has 
to do with propnoceptn e impulses The tail recei\ es heat, cold, pam, and touch 
fibres , those from the ophthaltmc division go to the h\iesl part, those from the 
maxillarj division are next m hile those from the mandibular division are upper* 
mo-’t Tills arrangement, as pomteil out bj Paton, explains hoiv in syrtngomyeha 
tnvohiiig the upper part of the cord, the forehead and eye may be affected and the 
buccal area exenpe Also the fact that the great occipital ner\e comes from the ^ 
2nd cervical segment, where the ophthalmic portion of the nucleus ends, viayi 
explain the frequency of occipdol headachti xneyedtsease 

The fibres from the sensorj nucleus pass for the most part via the medial 
fillet to the thalamus of the opiwsite side whde the lieat cold and pam fibres 
piss up in the spino thalamic tract 
The Motor Nucleus lies in the 
lateral tegmental portion of the pons 
medial to and nearer the floor of the 
4th ventricle than the head of the 
sensory nucleus It is a contmua 
tion of the nveleua ambtguua in line 
uith the nucleus of the facial 
The Mesencephalic Root etacts m 
unipolar cells lateral to the iter, and 
passes dovni the mid brain close to 
the 4th nerve 

It probably carries propnocep 
tive impulses from the masticatory 
and e^e muscles 

Connections — ^The 5th nerve has 
taken on the sensory function of 
almost all the nerves of the head 
Its connections are therefore very 
extensive 

FnnelwH — ^The 6th nerve carries 
pitftopd*[hic and epierrtic sensation 
from the areas uhich it supplies , probably also proprioceptive impulses from 
the eve mu«clcs and trophic fibres Divi'<ion of the Ist division of the 5th nerve 
tends to produce neuroparalydic keratitis , the mechanism of its production 
la not entirely explained the trophic fibres no doubt, at any rate, play some part 

Tiir Ttii Ciumax or tActAL Nf'R%r 

Tlie facial nervi* <tnerges from flie brain at the loner bonier of the pons in the recesa 
)>* tn«n the oli\e and tl p restifnnn bofl} (Fig 174) It is here gome dittanre lateral to the 
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Cth, btit jnrtljnl to the pars jnl< nm'flu) anil aucliton Jrom it^* t'UpcrfJmJ » nnn j 1 runs 
outwards and forwonK ui tliP postonor cmnwl fossa to th? jntonia) aiahtorj tm-ntus In 
tliw part of the course jt ho^ iii a crooxe on tlw upper surface of the ‘>th. with th* para 
jntermctlia bttwc<ii fh/m (lic ITS) .\c«»npnni«l b» ihi internal oudUorj artrr} the*« 
struct urea enter the meatus, at the Iwttomof wliicii w tl»e lamina cribro«a, dn ulcsl into four 
parts h\ a hciruontal and a lc^« inarkisl \ertieiil fMirtitum. Tlie Tth time, now fuseil with 
the pan* mtennedm, passes through the antem-supt nor qitadrnnt. ami enti m the aqu«?tict 
of Fallopius It, now, for a short distann (4 mm ) coutmues laterallv moix or less m tlie 
direction of the internal niKlitorj meatus, ilien lx nds Itackw'nrds o\rr the \estihule to reach 
the middle ear Tlie piniculaU pinphoti is plaeiti on this In nd of the facial neia**? In the 
middle ear it lies m a Ikiiu ‘ lanal, placeil lietwwn the roof and mctlial Mall, nml running 
alK)%e the promontorj nml fenestra o\ahs At the]iifiction of theiiwsiml and iiostt nor walls 
the Tth nor\e makes a reeoni) Ixnd, downwards (Ins time, and escaiX's from thi rkull tliruugh 
the rt^lo-mastnid foramen 

Tilt derciivling portion of tlus second Ixml forma a 
ridge on the tncifia! wall of the aditiis, and has aliovt 
It the bulge fomusl b^ tin lateral Minicimilnr canal 
Hating cscnfxsl from th* Rkull iIk facial nins forttanls 
in the parotid, hing litre snpTr^cial to the t<m|>oro 
inn'cillar^ \rin and the external carotnl artirs. anti 
divides m the Milntance of tlie gland into its ttrmiiml 
branches It m of practical importance to note tliat in 
till infatit, who has no ma«toid process, the llh ntrr* nl 
lit trtl Irom the ekvU /■<« more on the vuler lion the under 
fupret o/tAr <ind 1 / </<< nsmif incirion befondtfetttrl^ 
made to r 27 >o«< the rnodoid ontrurn it teiff <i/mA«t certainty 
he injured 

llRASCitrs 

In tlio temporal bone 

(<i) Great superficial petrosal 
(6) Nerve to the stnpcshus 
(cj Cliunla tjmpani. 

At Its exit from th< stvio ina-toid foramen 
Fostcrior auricular 
Digastric 
Stjlo-h)oal 

On the face 
Temporal 
Zv gomatic 
Ituecal 
Manibbular 
Cers ical 

The Great Superficial Petrosal conics off ihe 
geniculate ganglion It luseos tlmmgii tlie hiatus 
FaHopic, then nins tn a groove on the antenor surface of the jutrous teniju/raJ 

* Till* tnar (■* psn« and hence the nen^ map tneranudj in h Aani/naleei 

of ttie |\-tn|mnum Tlw ft res afferteil paTlie«t ai» thone the , ft truUn* (senwl rg to 

V»lwr<in the winVuip reflex p>e« fr»*J whwii etigse^l* that in iSe rT\«u-,wrtu nal anstr-n r « f tfie 
neevr tle-e fl>re« are tn et *ujwwf"-»al 



rtss or Tiir Gru am* “ra Cramai. 
N rat TA 

Tlie oothne r e pM eertts a tran* 
\prw» sretiun of tlie lower part of 
the |iOiia. on to which ihe CC'nT>e 
of the farial nerve is pn jeeied 
\ J Gitx nerve N \ 1 »■ il» 
nucleus M{ ~ facial nerve 
\ II A e’ llw aju-elKhoR p< «K 11 of 

III owl Bvjpjswevl to tie *<-ef» in 

ipnra) aerteai N Ml * ll» 

nucleus h O itipen r olive 
4\ u aseetKlinf cr tiuh'ar ro<t 
of ffth rerve MIISI '^mesial 
nict 1 f aietitc'Cv nerve 

< ijie Ar l-ws,- ~ J..S— , 
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(I ig M'l) under the Gi'ss'ennn gmglion to the fommen hcenim Here Jt unites 
witli tlio greit deep j>etrosaI from the sNmpathetio ple\us on the internal carotid 
arter\ to form the aidnn iierxc, \ihich joins Meckel b ganglion \ia the \idian 
(pter^ gold) canal (lig 151) 

Hic great superficial |ietro«<al contains scueon fibres to the mucous membrane 
of the soft palate, and al«o secretory fibres to the mucous and lacrimal glands 
(see also p 155) It has been descnbetl as the nerve of tear secretion 

The Temporal Branch^ run upwards ov cr the zjgoma The posterior of these 
supply the attollens aiinculim the nnteiior branch (or branches) croa'-t'i the 
zjgomv 1 m to 5 in belimd the evtcrnal angular process of the frontal and 
aiipphos the frontalis and corrugator superciht and iipjier part of the orbicularis 
Acconling to Trotter this i-, the only motor nerve of anj practical importance 
m the scalp It maj he cut m the mci lou for removal of the Gasserian ganglion 
with a resulting fiinootlmcss of the forehead and drooping of the ejehrow 

The Zj^omatic or Malar Branches cross the malar bone to supplv the lower 
part of the orbicularis 

Nucleus and Connections — ^Thc facial nerve w usnallj regarded as consisting 
of a motor portion the facial proper and a sensor> jwirtion the pars intcnncdia 
But the jiirb intermedia contains secretory fibres as well 

The bensory jwrtion of the pars intcrmeiha rises m the gcmculate ganglion 
which consists of unipolar cells whose avones divide m a T shaped manner 
llio central processes form part of the nervus intcrmcdius tlie penplieral jiro 
cesses the sensory fibres of the chorda tympam and great superficial pctiosal 
Tlio central fibres pass through or dorsal to the sjnnal root of V to reach the 
upjwf part of the glosso pharjngcal nucleus 

riio motor (bomatic) nucleus of the 7th consists of largo cells homologous with 
the nucleus ambigmis the upward continuation of the anterior horn of tiio spinal 
cord 

The nucleus of the 7th is situntcil near its point of exit but the fibres do not 
pivss straight out Thc} nin first backwards and medially through the pons to 
the floor of the 4tli ventricle when thej cioss and run upwards medially to the 
rth ntrve nucleus forming the colhcuhisfocidis in the floorof the ventricle Hie 
fibres now turn litcrallj cro s tho fth nucleus again pass forwards Ixitwcon their 
own nucleus and the spinal root of the 5th nerve to emerge between the olive and 
the rcstiform hodj (I igs 150 17-1) 

Commumcations — {«) 1 rom the 3rcl probablj to siijij I\ the orbicularis oculi 
the frontalis and the corrugator, for in supranuclear lesions of the 7tli these an 
not invcdved 

(&} 1 rom the 12th to tho orbicularis ons (probably ) 

(c) I nmi the cortex of tbeoppoMto aide \iatliopjrninnlaltract Thocrossjng 
takes plico m the jions hence vmhleral leeione here pro<Jitce jHitsy of the face on 
the same euU amt on the oppotile aile of the reel of the bocly ^ote that tn the 
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Eolandtc gyrus the face area comes vexl the arm. Out lu the internal capsule the 
shoulder and face fibres are together 

Tar 8th oa AcoiTorv Xnat 

Tlie 8th cranml ner\ e consists o( two portions a cochlear tli\ ision which carries aiiditorj 
impulses and a vestibular part, which has to do with equilibrium and sense of po ition 

It IS attached to the brain just below the lower border of the pons lateral to the 7th 
The pars intermedia runs between tlie^ anti often cunoiKlj enough nearer the 8tli 

Tlie 8th nerv e runs outwards and forwards to tlie internal auditors meatus its two por 
tions fonnmg a groove m which tlie ith rests, the pars intemietha King between them 

Accompanied bv the mttmal aiiditorj branch of the basilar arterj, thc^e structures 
enter the meatus at the bottom of which the 8th nerve divides into branches which pass 
tlirouch the lamina cribrosa 

The coclilear portion passes through tlie lower and anterior quadrant to reach the 
cochlea The branches of the vestibular ilivision pass through the two posterior quadrants 
Through the supero posterior qiiailmnt go tlie nerves to tlie utricle, superior and lateral 
semicmcular canals Tlirough the infero posterior quadrant pa-vs the nerve- to the «acculua 
and posterior «emicircular canal 

Kctclei and Centtal Connections — Tlie ganglion of the cochlear diviioo, or ganglion 
spirale lies in the modiolus of the cochlea Its peripheral fibres come from the organ of Corti 

Tlie ganglion of the vestibular division or ganglion of Scarpa is m the interoal auditors 
meatus Its peripheral fibres come from the vestibular ajipdrotus The two nerves are 
united m the internal auditory meatus, and so run back to enter the brain below the ]ion9 
lateral to the 7th nerve 

Tlie cochlear portion novr goes to two nuclei one dorsal and one ventral to tlie reatiform 
bodv From the dor-al nucleas run the strisi acoustics poedullarLs) which cross the floor 
of the 4th ventricle (Fig 84) and divide it into pontine and mnlullarj portions and then 
join the lateral fillet of the opposite sale 

Tlie fibres from the ventral nucltu.- also join the lateral fillet which makes connection 
with the inferior corpora quadngemina, medial geniculate bodie-, and fln&llv terminate in 
the anterior transver-e gjTUs of Heschl (temporal lobe) 

The V estibular fibres end m (<i) the prmcipal dorsal nucleus of the \ estibidar nerv c vrluch 
lies m the so colled area acoiuticas of the 4th ventricle , (6) Deiter a and Bechterew s nuclei 
m the side wall of the 4th ventricle, and (c) the cerebellum 

Both the cochletr and vestibuHr divisions of the Sth nerve make connection 
Kith the med/sl teirgitirdursl and thas fstth the oea!c arotarciucdei 
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THE VISUAL PATH\\'AY 

The visual niaj bo divideil jnto 8i\ pArts 

(1) The optic nerve 

(2) The optic chinsma 

(3) The optic tract 

(4) Tlic external genicuUtc bodj 

(5) The optic radiations 

(li) TJie striate area 

Tuf 2np Cranui ok Optic Nerve* 

Tbe Optic Nerve, cn'‘\ieathcd in piA, rum ue a flattened band from the antero 
lateral angle of tho somewhat quadiilatoral chn«nia forwards and outwards to 
the optic foramen (Fig 130) About half waj along thl^^ course it receives a 
covering of arachnoid (Fig 120) 

Becoming more ov al, and acqmnng a dural cO' enng, it traverses this foramen, 
or more correctly tins canal, and enters the orbit As a rounded cord it now 
runs forwards and slightly outwanU and dovmwards in a somewhat sinuous 
manner * (to allow for oculir movements), and is attached to the back of tho o>e 
bill, just aioie* and 3 mni internal to its jKistcrior pole (Fig 125, E) 

Its total length is 5 cm , the intmcranial jiortion being about 1 cm , tlie 
lutracanaUcuIac r» mm , the iiitraorlntal 3 cm , ami the intraocular (i T mm 

Relations — (o) Iv the Crwiim^ — ^'fhe nerve lies at firbt on tlio i^- 

plirag ma <‘ej ligj winch covers the pitiutarj bod^, then on the anterior portion of 
tho tavernous sinus 

Aboiej i IS tlio (mleric^ perforated eubtlance, the ,olfac tor> 

tract, and the aiilerwr cerebral artery which crosses it from without inwards 
frigs 130 and 175) 

Tht /’iiferiiu? Carotid Arleryj^ al first (iclovv. then Kteral 

The Upitl^ahni^Arleri/ * iisuallv comes off the internal carotid under the 

> Althoiif:)) wo rponk ot thn optio nrrtY, it w vm inipartsnt to ronliito Hint it ta nnUy no none at 
nil Ixit oasniitmllj a (mi-1 joining; two portions of tho liniin 

* VaualK two riirvcs rail bo roc(igiiiM<<i npostonor with its mni exit} outvranJa. niid on anterior 
with Its coniixil} (lownwanU 

* Till, point of attnrhinrnt i» lututlb descnlxiilas 1 mm below anil 3 tnm intpmril to (ho posterior 
pole TlimrHri hanll^ lx so tinni tho rrntroof the macula M {i«/au> tbo centre of the iliac (S>-oaUo 
Ggi»« in Testut, StU eititon, 1930 J 

* laweclt, 3ourTi «/ An 1 / Ond , xxjt, N h, *, 18*W, pp 4tl-53 
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middle of the optic nerve (Figs 145, 175), but since its course here is antero 
posterior, and that of the nerve outnards as well as forwards it may appear at 
the inner border of the ner\e before it eventualij passes laterally At anj rate, 
in this first portion of its course it is nearer the inner border than the outer The 
nearer tlie origin of the artery is to the optic foramen, the nearer the inner side 
of the nerve is it placed, and vice lersa 

(6) hx the Optic Canal the ncr\e is surrounded bj ita membranes, dura, 
arachnoid, and pia, but it should be carefuUj note^ that£6oie thes^'are firmlj 
united to each other, to the penosteum, and to the nerve This clearlj forms a 
point of fixation of the nerve, which might otherwise easily be pushed backw ards 
and forwards in and out of the cranium, and thus be liable to injiirj (Schwalbe) 
This fixation of the nerve also accounts for the fact that m the optic caml the 
cranial subanchnoid space only communicates with that round the optic nerve 
below (‘ice later, p 239) 

Tim o phthalmic artery is cros'Jing below the nerve m the dural sheath to the 
lateral side it"lwves the dura at or near the anterior end of the canal 

■Mediallj the optic ner\e is m relation with the sphenoidal air sinus or a 
posterior ethmoidal air cell, from which it nia% be separated by a thin plate of 
bone onl} The proiuhe Ihe anatomical explanation o/ the none being affect^ 
lit iniitw disease and reexdting ih a retro bulbar neurtUs 

^ot infrequently the sphenoidal sinus or a postenor ethmoidal air-cell may 
invade the roots of the leaser w ing of the sphenoid, and e\ en the wing itself The 
nerve is then surrounded by air*ceUs 

(c) In the Orbit (Figs 145 140 147) — At the optic foramen the nerve is 
Mirrounded b\ the ongin of the ocular muscles, that of the superior and internal 
recti being closely adliereat to the sbeatJi Jt ts this connection nhich giiee 
nse to the pain (i« extreme moiemenle of the globe) so characteristic of retro bulbar 
neuritis 

Between it and the origin of the lateral rectus are the two divi'uons of the 3rd 
nerve the naso-ciharj , the sympathetic, the 6th nene, and sometimes the 
ophthalmic vein or \eins 

T&cth^ bocw&cd^ the asaseles ate eepacated fooat the aecxe by orbital Ikt 
The na«o-cibar^ nerve, the ophthalmic artery , and the superior ophthalmic 
\em cross the nerve supenorly from without inwards 

The Ciliary Ganglion hes to the outer side of the nene between it and the 
external rectus (Figs~I45, 146) 

The Long and Short Ctltary A^ertce and Arteries gradually ‘surround the 
nerve as it passes to the back of the eyeball 

The Arlerta Cenlrahs ilefince which comes off the ophthalmic near the optic 
foramen, runs forwards in or outside the dural sheath of the nerve, then with its 
accompanying vem crosses the subarachnoid space to enter the nerve on its under 
and inner aspect about i m (12 mm ) behind the eye 



>H3 137 — Ilomro'cML Sbctwn or Titr Optic Npb\f Head 
A ’=’ arltnn reiitrnlia \ A-onn wnJrnlw H — bonier twsuo L = Intmnft cribroBa 

1{ — nnii a I ^ I pitlicliiim ai«n>)ul H } m<-mbraiie C choroi I S sdem 

We inaj thus suiiiluide the ocular iKirtion of the ner\e into sclerali choroidal, 
and retinal parts 

Tlie junction Iwtnecn the nieduIKtcd nnd non medullated parts of the nerro 
IS at the back of the lamina cnbrosa (Fig 158) — at the distal end of the 
subarachnoid space — but this is not a sharp line, for some fibres lose their inj elm 
sheath pro’cimnl and some distal to this )iomt 

The lajers of the retivn, apart from the nervo fibres, end near the borders of 
the optic nerve, Iteing separated from it, lioucaer, b^ a nng or partial ring of 
ghol tes-suo called the iHlcrvietharif 4tAsu6^f KiiftTil ' In the retinal portion the 

* it w u«unlb ulAte*! th«t tl «• intrmmiury tMueof Kubntruii I pstfti with theophthnlmoHM pe 
Till* rail hiirclly iw true since neiiro^Ia w trnnspamit an 1 nl«o the tissue m co%crc<l bv the 
whole thicknes* of tl e nerve fil re Inver of (be ret n« as it curves roiinil to pass into the oj tic nerve 
(Kip 150) 





mil enar portion oflhaa totaan tths whole thirKnoHi o{ 
lorb bc) vnil tbo bvAloi 1 met tbianeanil p fmient ppilhol 
rim lies m the concavity of the nerve fibres as they a 
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neno fibres are m separate bundles being hcparatcd from each other bj columns 
consisting of neuroglial nuclei, fibres and \esscls The individual fibres have 
oitremel^ fine glial fibres around them 

The termination of the retina is usually oblique, but more so on the na^al 
than on the temporal side, where it may be vertical The inner lajers end before 
the outer 

Tlie pigment epithelium reaches up to the intermediary tissue The lamma 
vitrea maj come right up to the nerve fibres 

The Border Tissue ‘ (of EUchnig) (Fig 167) of the optic nerve is a ring of white 
fibrous tissue which separates choroid and sclera from the nerve fibres With 
ordinary stains the border tissue differs but little from the sclera, although it can 
usualh be distinguished from it In longitudinal sections >t appears as a strip 



Fu ns — Amtiibo losTPnton Smios or thf Omc Nerm to bho\% VIedlleated (CQ^DENlXAI.) 

■Nph\e Fumes (Wei ertb stms > 

\oto tl at the normal mcdullat on »to{M I eh n 1 tl e lamina cr brORa in whirh reg on the f bres 
arc non me I llate<l 

itrmat enk 1 1 tvi pltrlif Vr I tr » ftrmm nf-) 

of tissue uhich separates the scleia from the optic nerve and is then continued 
forwards to delimit the choroid from the nerve fibres It consists of dense col 
lagenous tissue, m which are also found many ghal and elastic fibres and some 
pigment (Salzmami) It is better marked on the temporal than on the nasal side 
Thus ue see that none of the three tumes, except the menibrane of Bruch, reaches 
Tight ujy to Ike nene and eien this ts often hehl aiiay by neuroglia (Fig 159) 

The Scleral Canal is the canal through which the optic nerve passes to reach 
the retma It is bounded by the bolder tissue which separates the nerve fibres 

1 The border tissue is variously deecnbed Some hold tiuit iV belongs to sclera or cl oroi 1 wi ile 
others bel eve it is a cont nuation forwards of the pia 
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from the choroid and anterior third of the sclera proper It is some 0 5 mm 
long, and ma\ nin straight forward or be directerl slightly nasali}', temporallj, or 
downwarils 

The Tjiwnna Cnbrosa consists of a senes of siey e hive membranes arranged 
trans\erseU across the scleral canal, through the holes of which the fibres of the 
optic nerye pass (Figs 169 160,161) 

In order to understand its structure it is best to consider its deyelopinent 
whicli in xt‘i poifenor portion ishkethat oftlie septa of the ojitic nene (see p 239) 
Thus m its scleral portion each trabecula of the lamina cribrosa js essentially the 
result of the ingrowth of a yessel denved from the circle of Zinn which is accom 
panicd bj conncctvye tissue and gha 

Each trabecula therefore has a ye~sel m its centre This is surrounded by 
connectiye tissue contammg a lai^c number of elastic elements This again is 



tici IW) — TnAS'iiKK^t SrcriuN tiikoi « iitio Vvtiriob (oltai.) Portion ofthk Lamina Cribhosa 

(7KS)>fcfl MaUJ>RY (t TRUUC 8TA1N ) 

Contrit<t with fig 111 Tltd fllidl (il rc« an ktain^ I rctl an I tl i nil!] Muc xtaminc oui nn live 
liA. IP fil r<^ oro tbt>-v roiiml the (shmnl ere ftKlnrk niifM niiil ovnN) 

|Ji>lA«rA •» I 

ejothed by gha. TIiih in its posterior portion m an nntero posterior section of 
theoptic ncr\e connectiye and gbal tissues nUemite (Fig 159) The anterior or 
choroidal portion of the lamina enbrosa is quite difierent m structure Hero the 
trabecula consist of glial tissue onl^ 



THE \HSUAE PATHWAY 


235 


The ^ easels from the circle of Zuid as the\ pass into tlie nerre divide and 
reunite to form a network niuch fills the mterval between the side wall of the 
scleral canal and the connectue tissue around the central vessels 

The form of the lamina cnbrosa on transverse section depends on this vascular 
network It al&o forms a net of narrow meshes winch are transversely oval 
(Figs 160, IGl) 

In an antero posterior section it la seen that three to eight dense trabeculse of 
hjahne appearance pass out of the side wall of the scleral canal The most 
posterior run inward-s and backwards (Fig 159) to reach the central connective 
tissue a little in front of the outer limit of the sclera and make with the 


PlO 101 — TRA^STBRSt 
Sectio rifRotisR T«r Pos 
TERIOR PORTIO'f OF THE 
LJLMr^A CsTRROIA (Zfv'KBR 
aiAUORl 8 TRIPtB STATV ) 
Tlie trabpoul^p are much 
denier an 1 consist maui]> of 
conncctiNo (bine staining) 
tiKue \oto the contained 
\e« el passing m from the 
sclera Contra t With Fig 

no 

{JvH r t |•rr^arltl on ) 



corresponding fibre of the opposite side a letter V with its concantj forward*) 
The more anterior ones run more directU inwards but are all shghth concave 
antenorh The limits of the lamina cnbrosa are not quite definite, for 
posteriorly it shades off into the framework of tlie optic nerve and indeed some 
anatomists regard it as simply the continuation forwards of this framework 

The NEUEoaiJA of the Optic KERai: Head 
The optic nerve head is extremely nch in neurogha This is due to the fact 
that the peduncle of the optie vesicle is fir&t transformed into neuroglia and it is 
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onl\ liter tint tin's neuroglial cord is traiersoil b\ ner\o filirts (Uedslob) 
Moreover at a certain stage of develoiiraent tlve arterta ceutrili'^ gives off tlie 
hjaloul nrterj The origin of this arterj is surrounded b\ a coidcil biul of 
neuroglia loiter the arterv disippeirs and all that remains of the bnd is a 
liinella of neuroglia which separates the central portion of the nerve liead 
mclnduig the connective tissue round the central vessels (central connective 
tissue Bbcath) from the vitreous (Fig 150) 

Tins hmelia of neurogln called the central conneclne tis'iue )ie>Ht<CM of 
luihnt replaces the internal hiniting nieiiihianc wliicli is absent here but is 
continuous with it at the penphen (Fig 15<>) 

Since there are no connective tissue fibres (evcopt those in viiills of the res^cls) 
in the clioroidal Mid letmvl portion of the scleral canal the supporting tissues are 
all neuroglial Ihiis the great majonty of cells seen m this region and forming 
tho nuclear columns hetween tlie nerve fibre bundles arc ginl According to 
Arirchcsani the} are astroc\tcs 

T he glial fibres also form the net which constitutes tho choroidal portion of the 
hiuina enbros v 

Also radial neiiroglml fibres liccome ottache<l to the capilhrj walls b} i sort 
of end plite (pcnvascuhris gh®) 

Oligodendroglia is present (I ojie? Enrique/) ami i> al«o mtcrfasciculai The 
tolls of Ilortega (microglia) are also found and occur here with megiihr or rod 
shaped bodies 

>»ot infrcqiientl} in infint>«A filnnientan icmnant oftlio h} nloid arterj maj 
he seen to enter the vitreous for l-l^ mm aftei a sliort intrapipilKrt course 
Rodion Diivignenud describes the papilla as the umbilicus of the eve for it is 
traversed in tho embrjo bv an arterj which later disap)>ears 

There are no fibres of Muller in tho papilla and thus no material w luck buuls 
the nerve fibre> together at right angles to their coiu'-o as octura in the retina 
gctierallj Thev can thus be Beparatcal iniicli more easily from each othei and 
the tissue distended w itli cedeniatoiis Hind Tins is no doubt the reason w li v tlie disc 
Rw elUfocasilv in pa pillredenia while tlie ncighlrounng rttina remiuns relativ els fiat 
Neuroglia also lines tho antenor portion of the scleral and the whole of the 
choroulol portion of the canal of entrv of the optic nerve (I ig I S')) 

This neurogha is lontinued nntenorij bejond the pigment epitbebum where 
it fonns the intcnnediarv tmue of Kuhnt The neuroglia here forms a mass of 
nuclei and circularlj runmng fibres placed m the concav itv of the nerve fibres of 
the retina as thev curve round at the edge of the di'.c to enter the optic nerve 
(big 150) 

As rcganls the lamina tribrosa the choroidal jiortion is entirclj glial In the 
Rcleral jiortujn ghal and connective ti'^bue fibres alternate It is usiiallv stated 
that the most poistcnor Inniiiiap contain no glia but while there is less glia than 
antenorij, this ti«>iic is alvvajs present 
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The SitFiTHs of tkl Optic Aer\f 
The optic ner\e m the cranial ca^it\ w at fir^t onI\ surrounded hj pia but 
after a •short course gets a co\enng of arachnoid as well 

At the optic foramen the cranni dura splits into two Kjers The outer 
becomes continuous anth the periosteum of the orbit (periorbita) the inner forma 
the dural coaering of the optic nerve 

Thus in the canal and m the orbit the nerve is surrounded by three sheath*! 
nameU dura, arachnoid, and pia 

Between the dura and arachnoid is the subdural space ' and between the 
arachnoid and pia is the subarachnoid space Both the«e spaces communicate 
with the corresponding intracranial spaces thus fluid mjected into the sub 
arachnoid space m the cranial cavitv easilv passes mto the subarachnoid space 
around the optic nerve 

The Bura consists of bundles of tough fibrous ti«sue which are larger than 
those of the sclera ami composed of collagenous fibnllae in which are found 
numerous elastic fibres 

The centnl dural filires run for the most part circuhrlv the peripheral ones 
(i e those nearest the supravaginal space) tend to nm longitudinallj (Fig 84) 
Flat connective tussuc cells ore found in the surface of the bundles 
The inner surface of the dura ls 
lined bv endothelium and is con 
nected to the pn bv traliccul'c 
alongwhich small vesseUmav run 
\round the dura is the supra 
vaginal space of Schwalbe who 
described it as a ij mph space lined 
bv en lothcbum It has however 
the structure of loose connective 
tissue which is easiU distensible 
with fluid 

The Arachnoid is a v erj thin 
membrane some 10 in thickness 
wh reft eoiTsisOr cerrtfrn' care of ^ 
for the most part non nucleated 
collagenous tissue which IS covered Frc ir* — Coucora Ar-^nacea t\ AEAcnsotD 

on either side by endothelium 

Tlie outer endothelium (i e that facing the dura) has a tendency to proliferate 
and become several lasers thick It mav even form endothelial pcarla (corpora 
aramcea) (Fig JT'*) 

The subdural space often appears m onl nary m cro-wp c sect oa to be as large os tl e sul 
nrachno d (F g 45) Ti sariartefact TTtes b«J ralspacehere s cap ilar only as it s n tl e 
cron al ca tj 
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1 com it numerous trabecul® jiass to the pia and anastomosing amongst them 
sehcs form a netnork in the subarachnoid space Each trabecula consists of 
a central core of collagenous tissue surrounded bj endothelium 

The Pia has a structure similar to the dura onlv here the jienpheral fibres tend 
to be circular 

Also the pia sends numerous septa into the optic nerve u Inch du ide its fibres 
into eeparato Inimlles (1 ig S-i) 

Traced nntenorli} 

The Dum becomes continuous with the outer tuo thirds of the sclera usuall\ 
ujthout line of demarcation 

The 4rnchnoi(l ends on a lc\el uith the posterior part of the lamina cribrosa 
b^ Incoming continuous with the sclera 

The Pia turning oiituards also liccomes continuous for the most part with 



Fw U1— DtAOlUUl TO fclOW TRE COV-riVClTY ttETWEEV T IF CRASUL Si BARACBSOIB S?AClr 
AiP THAT ABoevD TBr Omp \Kn\B 

■Note 1 ow ihe central tc«sela cross 11 o space an I niny be compmweU if the intraernn aJ pmwure 
be roisetl on I thua prtxiuco pepillcp lema 

the sclera but fcorae fibres run into the choroid and some into the border tissue 
round the optic nerae 

The Subarachnoid Space ends m a cul de sne which lies in the sclera and whose 
aiitettor extremity reaches the I ack of the latuma criliroaa It w. antat 

lorh where the optic none is thinnest and in a temporally directed scleral canal 
IS wider on the nasal side 

It will thus be seen that for the most part the dura is connected to the pia by 
trabecula ‘ In most places the«o tear easil> so that the dura can be made 
to slide backwanls and forwards on the pia (Jsorinall^ in the rooicmentfi of 
the esc a slight amount of this eliding probably uIm) takes place ) 


I Sa-s Schw&lU troskp ^nnt iS'e Cl a 
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Close to the eyeball however, the connection is stronger, and again in the 
optic canal the relationships of the various sheaths are of special interest 

Here the dura is so firmly umted to the optic nerve that it is impossible to 
separate them Onlj on the under aspect of the nerve is the connection as 
elsewhere 

Thus only in the loner pari t» there a subarachnoid space uhtch communicates 
on the one hand uith the tnfracrantai subarachnoid space, and on the other iiitk the 
subarachnoid space round the rematntny portion of the optic nene 

It IS thus quite easily seen kon a frontal tumour, pressing on the optic nerve 
froin aboie could obliterate this communication and gne rise to optic atrophy rather 
than papillcedema 

This close union of the dura to the optic nerve ls of importance, as the 
dura IS itself firmly united to the bone forming the upper aspect of the canal 

This clearly forms a point of fixation for the nerve which might othennse he 
pushed mto the cranium and thus be hable to injury m the canal (Schwalbe) 

Stractore of the Optic Nerve —The optic nerve consists essentially of visual 
fibres, which are the avones of the ganghon cells of the retina, and which will 
maie a cell station in the external geniculate bodj after psrtiallj decussating 
iQ the chiasma (Fig 01) 

But the optic nerae contains other fibres besides the visual 

1 Pupillary fibres 

2 Retino motor fibres from the brain to the retina (Fig 61) 

3 Probably inter retinal fibres = commissural fibres between the two retmie 

4 Possibly trophic fibres 

If we examine a cross section of the nerve, ire find it is immediately stir 
rounded by the pial sheath, and from this septa pass into the nerve and divide it 
mto numerous (800-1,200) bundles (Fig 84) 

The framework of the optic nerve is most dense in its most vascular portion, 
1 e distal to the entrance of the central vessels and m the optic canal Near the 
chiasma there is a well marked septum which passes obliquely from above down 
wards and inwards to or just beyond the centre of the neia e This as well as the 
trabeculse disappears in the chiasma There are no trabeculaj m the optic tracts 

.The Septa — To understand the structure of the septa it is best to stud} theie 
development The developing optic nerve has a glial membrane surroundmg it 
As the septal vessels carrying mth them connective tissue cells invade the nerve 
at about the fourth month of intrauterine hfe they in\ aginate this membrane 
Thus each septum has a vessel in its centre > this is surrounded by connective 
tissue which in turn is bounded by neuroglia (Fig 164) The vessels enter the 
nerve transver'iely (radially) divide dichotomously repeatedly and, anastomos 
mg with neighbountig vessels form a vascular net which reaches the centre of 
the nerve or the central vessels The septal vessels also send branches anteriorly 
and postenorly between the nerve bundles 
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The pi'w into the cro-«» section of the nerNe radially There are some 
si\ to nine r er\ thick septa and )>ct\\een the^ a great number of tliiimer septa 
1 mm or loss a{)art These ns did the blood Ncssels diiide repeatedly and 
tUchotomou'U and anastoinosing nttU neighbouring septa form meshes which 
duido tito none into bundles Tlie spices formed bi the septa are round or 
pohhcdril but the angles are nlwais roundctl in tontradistinction to that seen 
in most annuals 

file antoro jiostenor branches of the septil lessels anastomose with each 

other and with the tnnsierse 
br inches to form a longitudinal 
\ isciilar nctnroimd each nen e 
biintlle The sciiti formetl on 
this scifTolding therefore sur 
round the bundles m the form 
of a tulie or c% Under This 
tube howeier is not closed 
for it IS perforated to allow 
neighbouring nerve bundles to 
communicati with each other 
It tints comes about tlub 
in an nntcro posterior seotion 
of the optic nene the longi 
tmhnal wjpta are not con 
tmiious The gaps m each 
septum conesjiond to the holes 
mthecy Imdei andarenotmalU 
occupied bi columns of gliil 
cells (lig 15')) 

On tinnsicrse section also 
incomi letc septa are seen 
Ihei are completed bi glia 
(fig lf.4) 

The cross section of each 
scjitum ma\ lie fiattcncil or 
quadrilateral or piismatic depending on the jwsilion of the sejital vessels 
IJio structure of each trabecula w as foIlowB 

In the centre is a vessel winch in tlie case of the larger septa has a well 
marled museiihns and ehstua Vrnimd tins is a variable amount of loo e 
connective tissue Ibis jn turn n surroumVctl In dense connective tissue 
\round this again are glial fibres and glml nuclei (I ig 104) 

The septa are continuous with the jni and this is the reason w h\ the latter is 
only sop vroted from thi nerve with diflicultj 
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Generallj speaking the septa are best developed inhere most movement is 
liable to take place tliat is directlj behind the globe and just in front of the 
optic foramen but with reference to the septa we maj divide the optic nerve into 
five parts (Behr) 

1 The anterior 1 cm show 3 a strong development of the septa with marked 
transverse fibres 

2 The middle mtraorbital portion with narrower septa and only shght 
transveree bundles 

3 The posterior part of the mtraorbital portion is like the anterior but the 
transa erse bundles are more marked 

4 The anterior part of the intracranial portion while generailv the septa 





Fio I60 — Tbansv-esisf Section of the Ojttc Ner'T (Zenker JIaixor\ s triple i.tais) 
TO sHo % FrcHs Perifiiekal Atrophy or Glial Mantle 


’Sole that th ■» 
stain) than the ner 


i normal gl al t se le Tbia eta n muci more densely (redder witl the tr pie 
? t ssue T1 e diSerenre in tevtine ean aUo I e seen clearly 


are regularlj distributed there is Iiere a great difference between the peripheral 
and the avial portions where the papiUo macular bundle is placed The septa 
are not onlj thinner but less numerous so that larger bundles are enclosed b\ 
them Probably the vascular arrangements therefore of the papillo macular 
bundle are not so good as those of the other fibres (Behr) 
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5 In front of tVic chnsmB the connective tl^sue septa disippenr ontirelj and 
onl\ glial ‘lepta remain 

I ining tlie pia is the " glial mantle ’ of Fuchs mHicIi consists of a h\er of 
glial tissue (Fig l(j5) This also sends prolongations into the nerve, which not 
onh line the septa, but also pass into the nene bundles themselves Glnl cells 
he scattered along the glial prolongations The ghal mantle varies m thickness 
hnt IS generally quite thin It is greatly thickened however, m the floor of the 
third ventricle mid again just behind the optic canal This htter thickening 
lies at the upper and outer part of the nerve 

From it an important oblique, somewhat triangular, ghal (prev loush described 
as pial) septum runs from above downwards and inwards to end in a point a 
little m front of the clnasnn It sends spidery processes uito the nerve which 
join with the trabeculco The septum divides the nerve fibres into a ventro 
medial ami a dorso lateral portion , the former lieing the fibres which will cross 
over to the other side and the latter forming the temporal uncrossed bundle 
The ghal septum marks the end of the septil svstem of the optic nerve which 
are therefore not found m the terminal part of the nerve Iho absence of septa 
liere enables the unhindered course of those (anterior) loops formed bj fibres 
which come from the opjwsito optic nerve (Milbrand) (see p 254 and big 173 E) 
Also, the end of the ghal septum marks the actual beginning of the phjsio 
logical chiat'ma i e it marka the position where the crossed fibres first separate 
from the uncrossed wlucli therefore takes jilace above tbe macroscopic chiaama 
Sometimea spaces are seen between the septa and the nerve bundles These 
are held to be Ijmphatic spaces smeo thej fill when the optic nerve is injected 
ns m the experiments of Schwalbe and Kej and Retzius 

But Salzmann holds that they are artefacts,* and has never been able to make 
out an endothelial lining 

The Fibraioftheopticnerveareof/Kolawd^ fincaml coarse ormoiocorroctlj 
fine and very fine, for they vary from 2 to 10 p, whereas the diameter of a fibre 
from an ordinarj penplicral sensory nerve is 20 p 

The fibres have a medullarj sheath, but no sheath of Schwann (neunllemma) 
Tliej thus resemble the fibres of the central nervous Bjstcm Hence yrobabli/, 
the reason xchj they do not regenerate when evt According to Ingv ar, the pupillary 
fibres are older phy logeneticalh , arc non mcdullated and run in the jienphery 
of the nerve Not infrequentlv one finds m the ojitic nerve areas which resemble 
corpora amvlacca 

Thf Optic Chiasma 

The Optic Chiasma is a fiatteneil, oblong Iwnd some 12 mm m its transverse 
• Not infrwiueiitl} one see* ncKle* of ttI-«lauMng lutiiuo in tl e optic nenp These e latitutothe 
C«k form deftenemtion of Sioprijti imd nro moat probably urtefarts il le to bruising In rcni iving tli* 
nerve post-mortrro tcrjiorit Amjlnrra arc higbl> refractUe !>o 1 w often slowing concentre 
Voinellalion, foui tl ouiong tl e nene f brM or m tl e gl al t iwucs most coniinoiil> in ol 1 people 
or in atropine cyos 
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diameter and 8 mm from before backwards Clothed m pia it lies obliquely m 
the cisterna basalis orer the pitiutarj fos^a, above and behind the so called optic 
groove on the sphenoid bone (Fig 130) 

In the majontj * of cases (79 per cent ) it lies above the pituitary fossa ui such 
a way that a part of the fo'^a shows in front of it Onl\ in 5 per cent does it lie 
in the (so-called) optic groove 

In 4 per cent it lies right behind the fossa, and in 12 per cent a greater part 
of the fossa shows behind the chiasma than in front 

Tlie chiasma is not in contact with the diaphragma sella;, but is separated 


from it bj 5 to 10 mm It follows from \ . 

this that a portion of the eistema basalts \ / 

lies deep to the chiasma (Fig 129) \ j 

Relations . — In front are the anterior \ / 

cerebral arteries and their anterior "N f\ 

commumcating branch # ' \ t ’ \ 

the internal carotid arterj, i i / \ I ) 

as it passes upwards, after having pierced 
the roof of the cavernous sinus, lies on 
each side in contact w ith the chiasma 
m the ongle between optic nerve and / 

tract (Fig 175) Laterally, too, »« the / \ y / ) 

antenor perforated substance O i h X ■ f ^ 

Behind is the tuber cmereoni, to ) ^ \ 

which the stalk (infundibulum) of the — C 

pituitary bodj is attached (Fig 175) (\_^ MTO n ^Idll —w 

A6oic IS the tlurd ventricle, in the \ Inly i-^^' _ -s' 

floor of which the chiasma makes a V\v^ »'L I "s/* 

prominence which is continuous an J WV ' y/l 

tenorlj vntli the lanuna termiiialis a // y 

Tire Optic Tracts &/jr^ 

Each Optic Tract is a cylindrical band 

which runs outwards and backwards leo— DiACHiaorrHBViscii^EavE 

from the postero lateral angle of the Path bhdwivc the LI^-Es or projecttion 
chiasma, between the tuber cinereum Area ajo. Betsd Spot 

and the antenor perforated substance 

Becoming flattened, it is closely apphed to the upper part of the anterior sur- 
face of the cerebral peduncle Below and parallel to it runs the postenor cerebral 
artery (Figs 174, 175) 

Here it is divided by a shallow furrow m to its so-calletl medial and lateral roots 
The lileilial Boot is the Commissure of Gudden which has nothing to do with 


B Fixatios Area ahw Blt\d Spot 
{JJter Tro-piair) 


’ Sehweinitz G de Tram O^th Sot UK, 1923 xliii p 12 
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vision It connects the two intcrnnl gcnicultte boihe-^ b\ jiassing to the inner 
side of rich optic tract and behind the cimstnn It is probibh an auditory 
commissure 

The Ixtteral Boot, the true Msinl portion spreads o\er the external geniculate 
bodj , and for the most part (at least *H) per cent ) ends m it (Fig 137) 

In the tiTst portion of its cowtsc the optic tract runs abos e the diaphragraa 


F Ki 10" t Seition or xiir fliuiN is the 1 tAsr of Tilt Hiiais r«i ji is frost 

Oh ll o left tl o B« lion tl ro g!i the I eini-phere n «ouie«luit ilorxul to thnl t n t he npht I II 
tM I 111 » I itte tlv. At ten ir ine I al an I lat< nil niu-lei of tl e tUalan is 

|Fn« .sA.4 4 1 

sells- and crosses the third ner\e from without inwards Abo\e is the posterior 
part of the anterior perforated substance and the floor of the tliird aciitncle while 
mediallj is the tuber cinercum 

In the middle portion of its couibc the tract lies betw een the uncus (which has 
the gasserian g mglion on its under surface) and the crus cerebn Here it crosses 
the pjTamidal tract w hich occupies the middle segment of tlie crus Also near the 
pvrimid just dorsal to tlie substantia nigra is the lateral fillet carrying sensorj 
fibres It thus comes ibout that a single lesion here cun nflect vryon and also the 
great mo tor and sensors tracts (As w ill l»c seen later the optic radiations also cross 
and comt~mto close relation with motor and sensory tracts m the posterior 
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part of the internal capsule, bo tint here also *1 single lesion mij affect all three ) 

In the posterior part of its course the optic tract hes in the depths of the 
hippocampal fissure close to the medial part of the roof of the inferior horn of the 
lateral \ entncle It has the globus palhdus abov e the internal capsule mediallj , 
and the hippocampus belour (Fig 167) 

It used to be taught that the optic tract ended in the so called three primary 
or lower visual centres, namely, the e\temal geniculate body, the pulvinar of 
the thalamus and the superior corjuis quadngemmum Non, while it is stUl 
disputed whether anj usual fibres do go to the thalamus, all are agreed that none 
reach the superior colliculus The puptllary fibres branch off from the true vi^sual 
portion of the tract, to rim in the superior brachium towards but probably not 
reaching, the superior colhculus (Fig 180) The fibres that do reach the superior 
colliculus possiblj subserve photostatic reflexes 

Tliere are other tracts besides that of Godden which run with the optic tract but do not 
definitelj belong to the s laual apparatus 

(n) The (Superior) Commissute of Meynert runs a similar course to that of Guddeo 
It rues in a nucleus situated l^etneeo the clna^ma and third a entnc’c Its fibres end m the 
subthalamic region 

(b) The Transverse Peduncular Tract arises from the optic tract where it enters the 
mid brain potocs round the \ entral aspect of the cerebral peduncle to enter tlie brain cloeo 
to the exit of the oculo motor neiae IbH tract la better marked in the lower ammals than 
mman m whom it is found in only 30 |)ec cent ofcose^ It is said to atrophy whentheejois 
enucleated 

(c) The Tract of Oarkschewitsch p&v$es from the optic tract to the ganglion habenuls 
then through the posterior commi»s»ire to the oculo motor nucleus Darkschenitscli 
thought It earned pupillary impulses but tint is doubtful 

The External or Latebae Gckiculatf Bddi 

The Ebrtemal Geniculate Body appears at the postenor end of the optic tract, 
that IS, o n th e.postero lateral ^aspect of the mid brain as a small flattened ovoid 
elevation grooved on its poatero infenor surface, and enveloped dors<allj by the 
projecting pulvinar winch is the posterior extremity of the thalamus Tlie 
groove IS called the lulum 

The geniculate bodj is so placed that its dorso lateral portion is invisible, 
being enfolded bj the puhinar and thus is only seen m vertical and horizontal 
sections of the region (Fig 108) 

Von "Monakov divides it into three parts 

(1) The antero inferior portion which receives the optic tract. 

(2) The hilum 

(3) riie lateral portion or spur 

According to Pfeifer the external geniculate body lias the sliape of a Moorish 
saddle markedly raided postenorly 

On coronal section the external geniculate body has the shape of an inverted 
heart On horizontal section it is shown to be related anteriorly with the optic 
tract which ends therein laterally with the retro lenticular portion of the 
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internal cajisulo , medmlh wlh the medial gcmculato hodj posterior^ ith the 
hippocampal convolution and poatcro latenllj with the bphenoidal horn of the 
lateral ventricle At a higher level the e\tcr«al geniculate bodj is in relation 
•vnth the puh mar w Inch it penetrates Here it has anteriorly the pregemculatc 
gres matter flanked antenorU hy the tcnipoto pontine fibres of lurch and tlie 
posterior portion of the internal capsule lateralh the area of Menucke (see 



tia IfiS —T arx «*cnTst. (mrticai.) Srmov or xwt. nnxis 


Sh )«• I g npJif* irnet hi 1 1 ng to fonn lafN ><• to exter Ml g it c ilAte N tlj at* lU n Ucion to tt o 
intomal enf'siilo 

1 4/t»» Uiftmit « #Hit 0 4 1 

below) and nieclinlli the medial geniculate iiody 

Structure —On section It is been to consist of alternating white and grey 
nreiLs Hie white areas are formed In the iiiedullntcd fibres of the optic tract 
while ill t7ic grey areas are the nuclei m which these terminate and from which 
arises the new relay of visual filires fonning the optic radiations 

Onsngittal section it IS seen that the fibresoftheoptic tract diiide into twolayers 
(Iig IfS) ‘Ihemfenorofthesofonnstbe white layer of the hilum the superior 
forms the dorsal port ion of thesnddle Ihstwccntheselammaiw Inch form the capsule 
of the tvtcrnal geniculate body arc nitemitmg layers of myelinated fibres and 
cells winch guD the bodi its clmmctcnstic ap|iearnnro (see also ]> ISf.) 

1 null the dorsal portion of the external gcnicuhte body pis^ a mass of 
fibres (which form ita fiedimcle) into the area of Mcrtiicke Hus is n smill 
region of myebnated fibres endused by the thalamus nn-dinlly the internal 
capsule laterally and the external geniculate body posteriorly Hie nnm 
constituents of the area of Wcmickc ate the optic radiations It aUo contains 
the lertical feinporo tlialnnitc fibres of Arnold 

The external geniculate hodj w connected to the suierior colliculus by a 
Blender b Hid called the suiwnor brachitim (bigs 117 174) 
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The ScrrmoK CoLLicru 

The Sapenor Colhculi nrc ‘smaJl roundwl e!c%ntJoii« on the iloryil 

a‘?pect of the mul bnm Thc\ are pejwntcil from each other h\ an nntero 
postenor groo\e in which hea the pineal bod\, while a transNorso groove come>< 
between them and the inferior colbcnli which he lielow (hig 137) Above each 
suiicnor colliculus is the thalamus Tlic aupenor coUiciilu'^ receives no visual 
fibres from the optic tract The fibres it docs receive most probiblv huli'crvc 
photostalic reflexes It is doubtful whether anv pupillarv fibres reach it 

Sfcnictore — ^Thc surface of the sniierior colheulus is covered bj a thin i>tnituni 
of tihilc fibres {Ihf «frn/iiw zomih) the majontv of wbich are derived from the 
optic tract Beneath tins is a lavcr of grey matter (f/ic Afrufiim cmereutu) which 
re einblcs a cap and is thicker in the centre than at the margins It consists 
of imnicrous small multipolar nerve cells embedded in a fine network of nerve 
fibres Deep to this again is the optician consisting iiminlv of fi!)rcs m 

which are embedded large nmltiiiohr nerve cells 

The fourth hver or flrdtum letnnt»et consists mamh of fibres derived from 
the lemniscus or fillet and sfrn/um in which an cmbeildeil large imi!tij>olar 

nerve colU 

Afierent Tibres — (1) from the optic tnet \ii the Rupenor brachiiim, which 
runs from the latcnl gcmculatc IhmK to the fiui»orior colliculus 

(2) Irom the eccipital-oortcA— \ia-ibc optic radiations (cortito fugal fibres) 
to the oxtcnial geniculate bodv, and (hence vm (ho piijicnor bnchuiui 
”” {3) I fom the mesial fillet putting it into rel ition with the Rcnsorv fibres of 
the cord and medulla 

Efferent Fibres — Of the fibres winch an o from cells of the grev nutter 
some cross to the suiwrior colhcuhi'-of the opposite s ide, many after undergoing 
decus-sation in tho/oim/fliu tlecmiaUon oj Ifci/nert make tonnection with tin 
oculo motor nuclei and form t!ie tecto spmal tract winch puts it in relalion with 
tlio spinal nerves 

iNo fibres j)as.s from the sHjK?nor colliculus to the cortex, i c it has no cortjc il 
projection 

Till Tiivuoirs 

The arc two largi ovoid ganglionic mas-^ utuatotl alxivi the crura 

ccrebn on eitbir side of the tiiini ventricle and reaching for some ilisfmcc liclimd 
that cavitv Each mcisurt's alnuit )J in (7 cm ) in hngtli 

Tfic anterior extreualt/ of the tbalarous |s narrow lus iIo-k* to tin. imd line 
and forms the jvostcrior lioiindarv of the forvmtn of Afonro 

The po tenor extrtniiUi is txjsvndc*! and Ovtrhjw the sui*erior corjuis quadn 
gtnununi McibaUv ilprestnts i well iinrketl angulvr prommenre thijx»-ttn)r 
tulH.rclc or jMifniior "bn h is conlimieil latcrvllv with but a ►b,.bt bm f fdeniatra 
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tjon into Ott exlmtal gemculale body Beneath the pulvinar, but separated from 
it b} the superior brachium, is tht medial gentcujale body (Fig 174) 

Laterally the thalamus is separated from the lenliciilar nvchus of the corpus 
struitum by the posterior part of the xniernal capsule 

It teas gt ncrallj IicUl tlmt tlie pithiuarof (lie tlialamiis n as a relay station for the \isital 
fibred nn their way to the cortex tliereniilt Of tlic work of Brouwer and Zeeman (1926), 
Alinkow^ki (1013), and llerischen (1024) it would appear that the pulvinar is not one of the 
"lower visual centres. ’ 

The external geniculate hculy vi, however, connected to the thalamus by the tractws 
gemculo thalamieuV in rtgnrd tti which I would quota from Professor Elliot bniith’s Bow 
man Leetiiro (1928) 

*' Only m mammal does the lateral gimculnte boily emit nn oxrtic radiation which passes 
to the cortex l\ liat becomes, of the optic iinpiiben to tlio lattral geiimilnte botlj in animats 
in which there are no optic radiations ♦ It seems tliat the thalamus is the part of the I rain 
which iH rosponsihlc for the affective appreciation of espeiience, and therefoie in the last 
resort determines the ammnl a Ijehavioiir It is essentially the leodingsegmcnt of the brain 
Ihc cerebral luintspheri. i» pnmordj a receptive apparatus for oifnetnrv impre»«io»s Tlie 
part of the brain which determines whjit an animal will do m response to stunuh is the 
tliataniiiv , it receives impuNcs coming from tlie akm muscles and joints, and from every 
pact o( tlic bndv , which make the animal awart of what is happctimg u\ tlie world oiitSKlo 
tlio surface of its skiit and detenninm its affective stale It seems inonnccivable that the 
lateral geniculate b'xli which receive-, optic impressions nnil is actually spread out on the 
auTfncp o! the thalamus ahmihl wot pattitipate iii this function of awoTeness It ta obvious 
to thof.e wlin study the behavioitr of fish, ainphibtau, reptile, binl or mammal that M»ual 
cx|iericijctf entera consciou:-ne<s and plavsalargepart indetemiinuig the annual s behaviour 
Therefore it scemeil inconceivable that there should be no conneition between geniculate 
body and the pnil of the brain winch w responsible, in the loat rcvort, for the shaping of tlie 
animal a fceJuig^ and detenniiung what its behaviour elmll be ^ct on lookuig through the 
hterstnrc 1 could fuic! only three tines of reference to such n connection it is in a paper 
by Dr Cliiao T»ai published three years ago He called attention to the fact that there 
was a small fibre tract coniiectiug the lateral geniculate body with the sensory nuclei 
of the thalamus But he did not consider it important enough to give a name to the 
bundle 

Prof La OroB Clark lent inc JCttiorw of tlie bram of the ywraping shrew ( If ntrosccluff s), 
which display the connecting bundle — which might Iw called ‘ troctus gcniciilo thalamicus ' 
— as a large bundle of tibns linking up tlie lateral geniculate body with the rest of the 
thalamus 

* A mo-i( striking demonstration of such a connecting bimdlc was give n many years ago 
by liamon j Cnjal In the preparation of the brain of a biiiqII mammal stouiod bv the 
Golgi method and cut in horizontal section o (iialarnic nucleus is seen receiving fibres both 
from the medial lemiasciis and from llie lateral geniculate body Hut neither m the drawing 
(of vrhicli tius fibre tract ls the iiuvt obtrusive feature) nor in the text is am reference made 
to It Such a centre for comlatii g ocular and articular iminilses may represent tlic germ 
of that swelling which becemes highly developed in tin thalamus of man and ls known as 
the pulvinar It is connected with the angular gyrus, and is supposed by some authorities 
to bo concerned with sten-ognasis Clinical observers, such ns Minklcr, of Utrecht have 
been iinprcasctl with the possibihiy of (lie bknduig in (he thalamus of impulses from the 
eyes with tliosc cotnuig from the yoitvta Wid akm * 
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The Optic Radutioks 

The Optic Radiations (of Gratiolet) or geniculo-calcanne pathway, that is the 
freeh relay of fibres that carry the visual impulses to the occipital lobe, arjce 
in the external geniculate body (and possibly, as some hold, from the pulvinar of 
the thalamus as well). 

They pass backwards in the posterior part of the internal capsule, then lateral 
to the posterior horn of the lateral ventricle. The ventral part of the radiations 
runs forwards mto the temporal lobe before it sweeps backwards to join the 
remaining portions (Eig 170) {Injury to this teniral portion causts a superior 
quadraniic Hemianopia ) 



Fic lao — TOTO<7RAP/riC.*L PtA^S or TKE CoRWAt AREAS (UroiAL Screace) 

(DIM ><<•((«) 

The optic radiations end m the occipital lobe in an extensile area of thin 
cortex * (1-5 mm. or Ic'^s in thickneiw). In which is found the di'-tinctire white line 
or ftria first described by Gennan in 1776. 

Apart from these cortico-jietal fibres the optic radiations nKo contain fibres 
that pass from the cortex to the external geniculate l>od\ , the thalamus, the 
superior corpus quadrigemiuum, and oculo-motor nuclei. 

The ^’■ISCA^. Corticae Area on Area Striata 

The Msual cortex is situated for the most part on the medial asiyot o f the 
occipital lobe in relat!onjo^he__calcanne fis sure . A ron'ahU portion, howoer, 
« S«^ C. Klliot Smitli. Joum. A"^ an't Pf y , xl. JiHI, 
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extend'’ on to the lateral a'^pect of the occipital pole, and is limited there b^ a 
semilunar Biilciii, the sulcus lunatus (of Elliot Smith *) or Aficnspalte 

The Msual cortex is characterised by the distinguishing u/nf^line or stria, ^ 
of G ennaruuiuch h \isiblo to the naked ejo Hence the region is called the 
«re«7 stnata The etrn of Gcnnari la formed in the fourth lajer of the cortex by 
the mcdullated fibres of the optic radiation running parallel w ith the surface 
of the cortex before thej terminate m it 



Vw no— Twr FoiiM asr Fwmos or lur Gpsicwx*-cauamst PAtiWAX 

K er tPinptiriil nfoptik 01 Rw B corpuseall « im B — lentieulnrnucloiii! »ie =nui:Iiu« 
cniildtiM /A = UiflJaniiw wt =* prrv mAllor of tolUirrnl hssiiro cnl « tugliwt la>el of prey 
matter of eollotornl fisHiiit 

t.Fm<i FfHfrrinVU Kmt at llmil 1*31 « 

The talcatiiic fissure is di\ idcd at the yiomt w here the paricto occipital fissure 
cuts it into anterior and posterior parts, niid while there is Msual cortex on 
both tif/es of the ]K)stenor iiortion, the atria i> onlj, found icloir the anterior 
(Fig JR‘)) 

The upptr bomularj of the area atriata is the sulcus cunci, which lies in the 
cuneus or region Viotxiecn the }ianetf> occijiital and calcannc fissures 

The lower Inuindary is the sulcus Iingiiahs 

If the whole MMial cortex be excised and flattened out, it will be found to 
pre-^ont the form of an elongated oi oid some 1 (100 sq mm m area The narrow 
end of the oi oul lies close liehiml mid below the splcnium of the corjms callosum 

• ‘v'e G Uliot ‘jniilh Journ Aitnt attlll IW al _*0« 

* Bosi »«cii cii ecclioii ng a fmli brain 
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(«ee Fig. 137), nhile tbe rest of it extends backwards from this point to the 
occipital pole and beyond it on to its lateral aspect. 

At about the <:i\th month of intrauterine life the area becomes folded along 



its axis Tbe fold so formed was called b\ Huxlej the calcarme fi>>5ure, because 
11*5 anterior part produces the prominence of the calcar a\as m the interior of the 
po‘!terior horn of the lateral ventricle 



252 AXATO\rY OF THE EYE AND ORBIT 

Ihe anterior jiart of the fi«sure i** much deeper, more constant m form and 
position, and more precocious in development than the posterior Phvlogcnetic- 
allvi aho, it is the older (Elliot Smith) 

The calcarine fiesure maj he contmued on to the lateral aspect of the occipital 
jKile as the sulcus ealcartnv<i JttlemUs 

As stated above, the area stnata u<n]an\ extends on to the lateral surface of 



Fir 17J — SAonTAt Sectjov tiiroloh the IIkaiv or a Vsw boon Ciiiuj I ower Lir or tub 
Calcarivt Fi^cbb 

\< to tl e mid l<*ii tormii ntmn < f tlie bItia of Opni nn Tl o aren paniAtn itn is to tho rifil t 
Itnm l/tif{Th>Ui» Kmtu* NaMBnrt ) 

the occipital lolxt, where it is bounded bj the sulcus Iiinatiis at orneiir ■uluch the 
while lino of Gennari oiid« 

The position of tho sulcus hinatusor AlTcnspaitc isvcr^ variable, and depends 
on the development of the jtarietal and temjxiral nssocintion areas If well 
dovelojxjd thc^o maj pui.li the sulcus lunntua and thus the visual area on to the 
medial asjiect of tho hemisphere, while in some brains it mav bo n large sulcus 
well on to the lateral aspect of the bram and resembling that found in apes (thus 
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Affenspalte). Hence the reason tchy, in bullet u'ounds of the postero-laferal aspect 
of the brain, some individuah show practically no visual defect, while others show a 
great deal. 

The area striata is the true xisual cortex, i.e, the true receptive centre for 
visual impressions. Around it is the parastriate area, and around tliis again the 
peristriate area. 

The=e are the visual association areas (visuo-psychic or visual memorj' 
centres). 

Injurj’ to the ajignlar gyrus, uhich caps the eurled-up posterior end of the 
middle temporal sulcus, is said to lead to word blindness, i e. the patient can see 
words b\it cannot grasp their meaning Stimulation of the angular gyrus also is 
said to produce conjugate deviation of the eyes to the opposite side. 



A 2r (lie vpUe nenv D In the optic nene C. In the optic ^ In the lateral 

(distal). (proximal). tract. gemciilate body. 


The crescents below U.P. and L P. era the umocular fibres 
Fio. 113 — DJST»II^l'rIO^ or tite Vispai, Fin&£S. 

M macular U.T. = upper temporal L.T. = lower temporal. U.K = upper nasal. 

L K. =■ lower nasal. U P. upper peripheral L P, = Ion er peripheral. 

iJfttr Snv„er onl ) 

(Xote that in Fig. D, Le Groa Clark an«l Penman hold that the macular area only occupies the 
posterior two thirds of the nucleus ) 

The motor centre for eye movements is in the posterior part of the middle 
fiXtatsl g^TOS. 

Stimulation of this area causes conjugate delation of the liead and ej’es 
to the opposite side. 

Connections oi the Visual Cortex. 

*(aj~With the oppoiife'visual cortex by commissural fibres which run in the 
splenium of the corpus callosum. 

(6) With the visual memory and word centres. 

(c) With the auditory and speech centres by association fibres. 

{(Z) With the lower visual centres. 

(e) With the oculo-motor nuclei and other motor nuclei by descending fibres 
which run in the optic radiations. 
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LoCAXlSATlOV IN TIIE VlSUAl. PATHS ' 

(«) In the Retina. — The nene fibres converge towanl^t the cli‘>c On tiic 
temporal side is the important papillo maciitar bundle TJiere is no o\erlap 
between the npjwr and lower hakes of the fibres of the peripheral parts of the 
retina (Fig 68) 

(6) In the Optic Nerve. — (l) In the <Jtstal portion (Fig 173 A) — Behind the 
eje the peripheral fibres are distributed exactly os in the retma , tho>e from 
the temporal side are lateral m the ner\e, those from the na«al side medial The 
macular fibres, avhich constitute ftlmosl one-third of the whole nerve (whereas the 
macular area is only one twentieth of that of the retma), are laterally placed in 
the nerve, occupying a wedge shapcrl area , but as we approach the chiasma 
they insinuate themsehes among the peripheral fibres, so that (2) near </ie 
cAia-smnthey are eentrallv placed (Fig 173, B) 

(c) * In the Chiasma (Fig 173, E) — ^The nasal fibres, constituting about three 
quarters of all the fibres, ero«s oacr to run in the ojitic tract of the opposite side 
But they do not do this by the shortest route, i c along the diagonals 

In the terminal part of the optic nene the nasal fibres, whicli hitherto haae 
kept to an onlerly arrangement and run i*arnllcl with the optic nerve, spread out 
80 that m a horizontal section they occupy tlio whole width of the iienc and 
anterior portion of the lateral part of the chiasma 

The most medial of these representing the fibres from the lower and medial 
quadrant of the retina bend inwanls into the anterior portion of the chiasma and 
after dccus.sating cross over to the opposite side The fibres that he most anterior 
m the chiasma now form loops comex forwards m the terminal part of the oppo 
Rite optic ncri e and then hai mg reached the temporal border pass backwards to 
thcmedialandlowerjiartofthetract It is probable that these fibres le those 
coming from the lower and inner quadrant of the retina, m crossing o\er m tlie 
chiasma he next its under surface le nearest tlie pituitars body , for they are 
first affected in tumours of this body as shown by the early loss of the upjier 
temporal field The anlerior loops arc cros*.cd at nght angles by those fibres m the 
optic nene which are still running parallel to its axis and thus.i&-pmdtTeed a 
cliaracteristic basketwork of interlacing fibres (Korbgeflccht of Wilbrand) m tlio 
terminal part of the ner\e 

The upjier medial fibres coming from the up|vcr and inner quadrant of the 
retma jmss to the lateral side m the terminal portion of the neme and mingle 
wath the uncrossed bundle They pass backwards here for aarymg distances 
The most lateral ones actually form loops conaox backwards m the beginning of 
the optic tract Ijcfore crossing over in the thiasma to the supero medial iwrtion 
of the tract of the opposite side Tliepat/cnorfoopjformed by fibres before their 
oroNsing are less prominent than those formed by the crossed medial fibres m the 
tennmal portion of the optic none 

' Soo Ilrouvrer aii<l Zcamaii 


• See M iILmtid 
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The actual decussation takes place in the middle of the chiasma, the anterior 
fibres crossing each other at more acute angles than, the posterior The fibres 
cross o\er not only from left to right but from above doxinwards as Avell. 

The Uncrossed Fibres — Just antenor to the chiasma the uncrossed bundle 
forms a compact fasciculus w Inch occupies almost the whole of the upper and outer 
quadrant of the nerve 


omc HERVt OPTIC NtRVE 



These temporal fibres run directly back^^a^ds m the lateral portion of the 
chiasma, those coming from the wpi>er part of the retina being above those from 
the lower Tliey pass into the tract Ijnng here m the dorso-lateral part 

In the chiasma, however, the uncrossed fibres do not form a closed fasciculus, 
but ^vlth them mingle not only the nasal fibres of the same side w hich have passed 
laterally before crossmg over to the opposite side but also those fibres from the 
opposite side which form loops m the termmal portion of the optic nerve 

This intermixture of fibresi is so marked that m a case of unilateral atrophy 
of the optic nerve honzontal sections of the chiasma do not reveal the position of 
the uncrossed bundle Only in coronal sections can the atrophic area, i e. the 
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jwsition of tlie microssed biimlle Iks made out It then appears m the lateral 
part of the chiasma ns a kidnej shaped area wth its liiliim inwards 

Tht J/ac«l«r Fxbres — In the iwstenor portion of the intracranial optic nerve 
the papillo macular bundle i» central and keeps this position m the anterior part 
of the lateral portion of the chiasma Then the crossed fibres separate from the 
uncTosseil ones and pass as a bundle obliqiieU backwards and upwards to decus 
sate with the macular fibres of the opposite Bide in the most posterior jiottion 
of the chiasma, i e in the floor of the recess of the third lentricle Ixjsions here 
will tlicrefore cause a central temporal hemiinopic scotoma (Wilbrand) 

(f?) In the Optic Tract — ^Tbe macular fibres are first central, then come to he 
dorso laterally The fiVirts from the upper half of the peripheral retina he dorso 
medialli those from the lower \entro medially (Fig 173, C) The crossed 
fibres be on the inferior and inner surface of the tract the uncrossed fibres are 
more deejiK placed 

(c) In the External Geniculate Body —The fibres from the ujiper part of the 
retina go to the medial part of the geniculate bod> those from below to the 
lateral part The macular area is somewhat wedge shaped involves all the 
lamina, and is confined to the posteiior two thirds of the nucleus broadening 
towards the caudal pole It is probable that the peripheral areas farther awaj 
from the disc are represented m the more antenor levels of the geniculate bod^ 
(Le Gros Clark and Penman) 

if) Localisation m the Visual Cortex— Tlie homonjTnous haUes of each retina 
are reproented in the corresixmding occipilallobc Thus the right halves of each 
retina (temporal of the right ct eand nasal of the left) w ill be projected on the right 
visual cortex 

Also the upper and lower portions of the retuia will be locnlivcd aboso and 
Iwlow the calcarine fissure rcspcctncly 

Most observers hold that tins applies to the mocxiliP as veil ns the peripheral 
retina, i c that the central urea has a bilateral representation Lister and Holmes,* 
however ns a result of their observations on soldiers with gunshot wounds of the 
occipital region came to the conclusion that each macula h v? n unilateral repre 
scntntion Tliej explain the well known phenomenon that m cases of thrombosis 
of the posterior cerebral arterv the resulting homon^onous hemianopn spares the 
macula (the scotoma falling short of the fixation point b\ 10®) b} the fact that the 
occipital imlo is the border line territory between the dustribution of the middle 
and iKistcrior cerebral arteries, and that the former nrterj will be able to supply 
tilt macular area if the latter is blocked 

Holmes and Lister also bclieao that the penplieral return is represented m the 
anterior part of the visual cortex, and as we go ccntralh in the retina tho corro 

« H Imrti O Unt Joim OfUh^ 1818.2 3W 440 SOI Int Med Joum^ 1018 2 Holroee 
a fuidlistor W T /train 1915 S9 34 

Xi nl-ui CnnnirhfH^I V \ I II Aoe Ufrf on < f Neurotorj 11*1" fiol 
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Bpondiiig area of cortical localisation be farther back along the calcarine 
fi'Sure 

With regard to the macula thej bebeve that, although there is some degree 
of localisation of macular representation m the posterior part of the calcarine 
fissure and extending on to the lateral surface of the occipital pole (Holmes, 
1918), at the same time there seems little doubt that the macular fibres are spreaa 




Fio i"4 — Di'isrcTioN to show the Blood scpply or the Omc Pathway avd tup Rpi-itioss 
or the ^ESSELS to tub Oculooiotob Nerves 
From tlio «■ lo 

jnrpan «>.} 

over the whole visual area much like the reprc'^entation of the hand in the 
post-central gyms 

W ith repanl to thfc>, I owever Profe-vaor Elliot Smith (Johph of AnnI 04 1930 j 178) 
wTitrs In n horizon t«l section tlirough the po«lcrw r pol i f ii human ct abml hcniL phere 
the area strmta ih-tingiii h«l bj tlie pre-^icc of tlie etria of Gtnnori s«tn to umhrpo a 
su Wen change m clmmcUr a short *Ii tmee lx hind its midpoint Tlic thickness of th 
stria H reduced an 1 the dark hand (which w found on U« inner suit in the part rt pre»« ntin;, 
the peripbend retina) ch appear- Tlic macular cortex Ijegi i> nt tbii plact. an 1 txf»n U 
around the jwlt. on to tl <. I itcrol surface « f the Itcmi j here to end at tin hp of the hmni 
sulcu'» As this lateml part c f thr area stnata w much broader than tl t mctlinl part, t xacl 






fj-iS AJsATOMY OF THE EYE AND ORBIT 

rncaMirenipnts ro\tttl the fact that tla. inarulAr part w at lea-^t as exunsne ns l)ie whole 
[xnph'mJ p<irt It is fxiis ihfo fi> nlwjtjfj tlio macuJnr pait of the ana stnntn m rnaii> 



fio 17' — DissrcTlox TO show BLOOffl-srmx or Oerio Paiihyav avp UrtATioNs or \ Kssria 
TO 0ct.u> MOTOR NeRVIM 
l-rMn In 1 1 « 

(JstIflrT Cm.) 

huiruui hmms h\ gimj le ofNcrvatKn of tin moq lioh ^ical feniim-s of the surface of the 
cert hml lieiiiiK} \ ere !yOuk.iMe at tlie po»tenor aspect of the hcmixphtn three seiniliinar 
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sulci — lunatiis polarw «tii>erior anti polaris infenor — niaj often be 8“en arraiif'etl in a 
trefoil or sliamrock leaf pntUm (groiipetl around the calcarine sulci m the axis of the area 
striata) Tlie rnpiii expansion of tho lateral part of the area striata to afford cortical repre 
mentation of tl e macula ls responsible for tlie formation of tlirte operciila bounded bj these 
three semilunar sulci Hence the pre^nce of this cortical si ainrock pattern affords definite 
es I lence of tl e y’^'^dion and extent of tlie macular area 

The Umocuhp Visual Fields 

It would apjicar that the fibres which subserve the unioctilar and binocular 
\isinl fields run sepanteli 

Brouwer and Zeeman found that in the rabbit the hinociihr field (which in tlus 
animal is onlj 20 degrees) occupies n \er^ small area m the lateral geniculate 
lK)d\ while nearlj the whole of the remainder is tal eii bj the unioctilar 

In man it is tho other waj round 

Tlie umoeular field that la the part seen by one eje onl\ , is represented bj the 
extreme tcm|)oral field Tiie retinal fibres iniohed are the most nasal From 
here thex run to the inner side of the crossed bundle to a small strip on the xentral 
part of tho external geniculate bod\ 

In the xnsunl cortex the umoeular field is localised anteriorlj m the lowerhp of 
the calcarine fissure 

The importance of all tins ciinicall) is that it is possible to liaxe a lesion of tho 
optic radiations for instance afiecting one field onlj 

IiieCorticu Oculo motor Cintres 

1 Frontal 

2 Occipital 

3 Angular Gjtu’* 

1 The frontal centre lies m the posterior part of the middle fiontal gjnis 
It controls voluntary moxements Stimulation of this area results in conjugate 
deviation of tho ejes to the opposite side stimulation aboae tlie centre results in 
conjugate dexnation downwards and stimulation below in conjugate dexiation 

Paral^sLS of this centre does not stop reflex raovemeiits due to labxTinthine or 
retinal impressions 

The path of the fibres from tJie cortical centre to the oculo motor nuclei 
IS not known but it probably nins with the pjTamidal tract There is 
a complete decussation of fibres of opposite sides (probably in the posterior 
commissure) 

2 The occipital centre probabh has to do with the fixation reflex le mth 
bringing on to tlie macula the image of an object which has interested ' the 
penpberj of the retina Stimxilation of the visual area causes conjugate deviation 
of the ej es 
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3 Conjugate <le\ lation of the ejes liaa been produced m nminals bj stimiiH 
tton of the angular g\rus hut not m man m whom operntue remo\nl of tlio area 
has not resulted m anj oculo motor defect 

The hlood-supply to these centret comes from the middle cerebral for the 
frontal and angular gxTi and from the jwsterior cerebral for the occipital centre 

The Blood sdpiw of the Patu\\a\ 

The blood supplj of the rtUna has been di'»tu««e(l on p OG 
The Blood'supply of the Optic Nerve — ^Thc optic ner\ c anoutgrowth from the 
brain has its ^ oscular supph modelled on tint organ The resemblante is great 
but not absolute for here we ha\e no grej matter and no nerae cells Tlio optic 
ticne cliiasmn and tracts are coatred uith pia mater ideiiticaJ with that of the 
hniin Onl> those portions of the eluaama and tracts adherent to the bi^e of the 
brain are bare of pia 

All the arteries which will eventuoll^ ouppl^y the nerse tissue do so through 
the pnl network of vessels This network is rich and fine and extends to the 
hack of the globe In the mtracramal portion of the none it is situated on the 
surface of the i>ia , m the orbital jiortionm its thickness between the longitudinal 
and tiroiilir fibres 

As in the case of the cerebral coinolutioiis there arc actuali) two networks 
one inside the other flie outer is the larger and foniicd of arterioles of fair 
sire , the other, Uing within the first consists of vessels so emalJ that a loupe is 
necessarv to see them The networl is supplied b) arteries which probahU 
anastomose shghth m the network but not twfore thev reach it 

B hen the icvseb jms.* mto the nerre thei take intli them a coat of pn and 
ul«o ft cov cring of glia w hich^ constitute the septa In fact the distnbution of the 
scjit » IS exactlv that of the blood vcs^mls \l o the thickness of eacli septum is 
jirojiortiotial to the Mzt of the contained ve'wel While this is obvious m the 
orbital portion of the nerve it is mon dilTiciilt to make out m the tract and 
clunsma In the most posterior jiortion of the optic nerve (where the septa 
gnvdunllv disappoir) in the (hiosiiia and in tho optic tract even the larger 
\e‘!«:cl3 are on1\ burroimdcd In a slight covering of connective tissue which 
gets less with the smaller vessels and w^etns to disappear entirelv in the 
cnpilTanps TTiej nre however nfwnva separated from the nerve tissue bj 
the jicnvnsculins gli'C 

There is a striking contrast Iwtwcen tho great vnscularitv of the pia and the 
nlitivelv few v cs,scls jn the dura (Mngitot) 1 he pinl networl acts as a distribiit 
iiig centre whicli jirovidcs far a regular supplv of blood to the nerve As the 
ve^'cls pvss into tho nerve m the aepta tliev divide lUchotomouslj as thes© do and 
pond hrniichos nntenorlv and iK)steriorl 3 

'J lie vosAvls wlmli join it evenluillv come from tlic internal cirotid and pinoc 
the c\< h IS grown out from the brain its xos els have followed it This exiilams 
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w{i> the \C'''^oIs to the cinasma nre short and those to the globe rektivel) long 
(Alagitot, Thifit de /^nris lUOS) 

The, iH/r«crajMrt? jiorlxon — As m the case of the chiasma, the principal ^essels 
arc the anterior cerebral and the internal carotid — the fonner for the superior, 
tlic latter for the inferior aspects The ophthalmic artery and the anterior 
communicating mai help The feeding icsscls pass to the pml netuork and 
tlius into the none 

A cross section of the nerve shows that the septal network here has a special 



tu I”! \ — LoNorrLPJNAi, Spction or our Owic \neAp sHowavr v Large Bhavck from tiu, 
Vhtfuia CrvTiuus rAssi>r ronWAUos iv the S« barachnoid Space to the Piai. Plexis amo 
A T OST CENTRAL AbTTK\ TAHSINO BACKWARDS 
( I tbor » prri nif <m | 

appearance — whereas in othei parts of the nerve the thickness of the septa is 
fairlj constant in the axial jtart of the intracranial portion they are not onlj 
thinner but the mesbes are wider Hence smaller a essels supplj a large number 
of nerve fibres 'Ihusanj interfeienee with the blood supiih would according to 
Behr affect first and most markcdlj the central papillo macular bundle 

The w hole of the remaining portion of the nerve and also the w hole of the globe 
IS supplied bj the ophthalmic arterj 

2 he ttdracanalicidar portion is supplied bj the ophthalnnc but differs from 
the orbital portion in that the pial network is relatively poor 
Tie orbital portion is supplied by two groups of vessels 
(A) Those that pierce the dma behind the entrance of the central vessels 
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(B) Those tlmt enter the ner\e or join the pial iietworL at the «ite of 
cntrj of the eentnl %e*''!el3 

Group A — In npproximnteh the posterior half of the orbital portion of tlie 
optic ner\e some •»i'c to a dozen small \essels derned from tiie ophthalmie 
and its brandies (including the artenn centmhs), pierce the dura on various 
asjiects but inaini\ abo\e and at the sides The least pass in from Ih?Io« 
since tins jiortion is supplied hj recurrent branches from Group B 

Ilaving jiierced the dura these \es.«els pass across the sulnraclmoid space 
either at right angles or obliquel} and clothed in a portion of dura and arachnoid 
as IS the eentnl arterj m like position reach the pisl network 

Group B — At about the jioint wlicre the central nrter\ pierces the dura it 
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pit cs olT one or more branches w Inch diminish its dnmeter b} about one third 
borne of these iimnediatelv enter the jna (Fip I7C) dniding into branches whuh 
pofon\ards backwards andcircularh and joining the pnl network send branches 
into the nenc Others pa^s into the nene with the central artery running 
jmrallcl witli it Altliougli extrcmch well described bj Kuhnt in 187') these 
important vessels have often licen forgotten in subsequent works and this lias led 
to a great deal of confusion To cmplmsisc the fict that thej do exist one w onld 
fiuge.est the name of central coliateml arteries (artente collatenles arteii-e cen 
trails rctmx) (Tips 84 80 ITb) 

One of these vessels larger than the rest runs with the central arterj to the 
lamina cnbiosa 1 he collateral vessels M»nd branches into the nerve and hence pet 
nnrrowernathcv p iss aiitenorlv AtUie|»ointwheretliecentralarter^ bends for 
wards at the centre of the nerve a branch of the collatcnl arterv (not of the central 
arten itself (^lagitut)) passes backwxnls towanls the optic foramen (1 ig 170v} 

^\lnIe as we have Fcen the cnllatcml arteries get finer ns we trace them 




Fic ITS — Total Htooif-si prL\ to the I-io l“a — Tiil Aixtepul XmcrmL ovpb 


Vl«l AL pATIIttA\<l, VIEWFD rnOMTllE ^ EVTRVL THE LATERAL OfMC* LATE Hoi>\ {SIJIPUnJD) 
Aspect «l>h «CHr»iATic (Anorr) (\biiic) 


XotP thf <liJTcrPUl Noow-i of MtppK to tlie Xotc iIh derixation from th** antomr nod 
optic ra lintion Tli(> arrow *t the l*oiloj» of tbc posterior rhoroidtij Brtpn(~« Tl«' apocifjp rnd 
fipirc mark-i point of Bna<itoino«vi Ixtwrcn arteo front po*tcnor crrcliral to tht ociilo 
tlio cAfcorino and rnul ?!«* rcrebrel artcno^ motor nurlmH i* mdicatwl 


^UBue\ tATio>'* FMPLo^ Ei» IN THE Fioi KF-» — « Ji o , Bntprinr IT tx braj Brter\ , s a oo , anterior 
rommunicatini; a^t(■r^ , a b , bAoitar artrr% , n <* i . intonial rarotid artcrv , h i* r , contra! arti r) of 
t!\o retina . a on! , ralcanno arterj . a ch anton >r olioroKlal artorr , axli p , n ir clioroi lal 
arforj a d op , ilfr p opt ir bnmrfj of t!«» ini IdJo rw>»nil artorj , « tn^ , ;nt(!<!]c ren braj artcr} , 
anil! Brtrr> to oculo motor nuoliiM < a op . ophtlialinic arterv , a-p p>‘ierior rorr! ral art« r> . 
a p CO . posterior oomtniini<T»tine artor\ . apo. panoto-oooipital arterv . !>ol, olfactorj l>ulb 
c a., anterior minmi-mirc . , cor)ytim rnt/iMHni , eqa^ corpiM yu > fri^minmn nujuryor , cr 

mix rrri'ri. f, fomtx, b, !>dum of lateral irmiculato (ioiIn , bji . hilar ana-iomixiH , l?b, 
lateral prriiculato (xxlt tiiph, rneiha) ^mculate brxb . nlll, oc<d<>mot<>r none, nii tit, 
iMuUvniotor niirtciK , nu,r,, ret! nurttix, Apcii , optic rhtA.»irua , op n , optic iwnc . op r , optic 
radiation opt optic tract, pith rhoronlat pWu-t > po , ptat . « cal . calcarine »tilru« , ■ lun , 
Innate oottiu , *ji . #i«tu>Mn;i<i m pn , • p caL, ptxtcfior calrannc •iilcii* . apo, pnncto^iccipita! 
»nbu«, Lp , tcmiMiral pole, th p , putniwir 
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tlie nrteria centralis !ibb no brnnches of am size 

The injections b\ Beiurieux and Ristitch of the artena centralis nlont 
appear to show that the region of the lamina cribrom is supplied the circle of 
Zmn onlj Actording to Lelicr, ho'nD\er, branches do pn^-s from the 

artena centralis into the lamina cribtosi and form n cajiillar^ anastomosis with 
branches coming from the circle of Zmn M\ own preparations » agree w ith this 
latter MOW (Fig 87) 

The tierte hmd is supplied b^ the central artery and the circle of Zmn -which 
also sends branches into the ncighbounng retina The number and size of these 
brinchcs to tlie retina are \anable, but more csident on the temporal side 
Here wo find all grades up to what is known as a ciho retinal artery (see 

p m 

The Blood-supply ol the Cluasraa — The chiasnm gets its mam blood supplj 
from the anterior cerchmls and internal carotids The posterior commumcat 
mgs, which are m relation to its under surface and the anterior cliorotdals, tna^ 
help, ns also the anterior communicating when it is present* The anterior 
cerebrals supply most of the siifienor asjiect wlnle the internal carotid* arc 
maml) responsible for the under surface The feeding \es«els again pass to the 
pnl mtwork and thence into the chiasnn 

The Blood-supply o! the Optic Tract — TJie optic tract JS nl«o snpidied through 
the pml network of \es'‘els This i& continuous antenorlj with tint of the 
clinsmn Tlie feeding ^es5els come parth fiom the posterior commimieating 
but mninlj from the anterior choroidal arterj (Figs 174 177, 178) 

Ocnefa!l> the latter artery gives seTcral branches to the tract, but the largest 
of these pass completoU through it to enter the base of tho bram and supply, 
among other structures a portion of the optic radiation 

According to ShelUhcnr thc«c perforating vessels enter the tract between tho 
crossed (which are the older fibres plntogcncticalh) and tho uncrossed fibres 
Sometimes thev wind round the tract before entering it (In this case it is 
thought that pressure on the tract niav disturb nutrition obstructing the 
arteries rather than bj direct pressure on the nerve fibres themselves ) There is 
considerable mutual interchange lietween the anterior choroidal arteij and tho 

> lo IW r from lh<« pcint of entry of the •Heruc central t into the optic neno to its 

I if inution It gne* off no I ram J Ilenisr mi this purtion of lU cnursi it tnkea no part in the 
rutntion of the neni I » ilwcriluHl to tl w »nr«* in an article m the Trant O ‘i V K for IMS 
Util wnce writing that paper I liaia Ixsii forlunato m obtaining normal mntorirtt an I Ihiis I icon ul li. 
to make -cnnl Fccticms of the lammn tnl ro-j» region These nhowpii that the artena ci ntnilw does 
gite small I nmehes (kig h") to tins ripHi which agree" with Lel>crs viiw Tlic« branches, 
however tl n >t alter Iht clinical fact tiuit a 1 1 of tho arterj anj where in its intrancuml course 
ten U to bliiiilncB" 

• Thus it will 1 e »«*n llial if we inrlii le thoseweis on either m le with the rooihan nlitcnorcom 
miniicntmg nine arteries in»\ takejMirt iiilbeauppis ofthechtosma or If with Al I lo we count the 
im I lie circl roU apart from the nitemal larutiU eleven arteries It is thus extremely imlikety 
tl at a 1 1 >ck of nn> oi e \Cs-< 1 will luivp anv marlusl Breton tie visual fll res 
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posterior communicating and oceasionallj one or other predommates to the 
complete exclusion of its felloe (Abbie) 

The Blood-supply of the Lateral Gemcolate Body — It used to be held tliat 
the lateral geniculate bodj ins supplied bi the postenor cerebral arterj and thus 
had a different vascular supplv from the optic tract This has been shon n b} 
Abbie and others to be incorrect In fact m the human while the mam 
suppl 3 and especnllj that to the postero medial aspect comes from the posterior 
cerebral the antenor and lateral aspects are supplied almost entirely by the 
anterior choroidal artery (Fig 170) 

The region of the hilum is nounslied tlirough a nch anastomosis from both 
sources 

The antenor choroidal supplies the fibres coming from the infenor liomonjTnous 
quadrants of the retin® v hile the postenor cerebral supplies those coming from 
the supenor homonjTnous quadrants The mtenemng region which radiates 
dorsallj from the hilum and contains the macuhr fibres is supplied bj both 
1 essels 

^^ithm the lateral geniculate bodi the terminal twigs from the penetrating 
a essels end chiefij m the individual cell laminie some pass beaond into the 
commencement of the optic radiation (Abbie) 

Hie Optic Kadiabons — ^Tbe blood supph falls into tliree parts (Abbie) 

1 ^hile the radiations are passing lateral)} over the roof of the infenot 
horn of the lateral ventricle thej are supplied bj perforating branches of the 
antenor choroidal arterj 

2 In their postenor course — lateral to the descending horn of the ventricle — 
they are supphed by the deep optic branch of the middle cerebral arten uhich 
enters the brain through the antenor perforated substance ivnth the lateral 
stnate artenes (Fig 178) 

3 As the radiations spread out to reach the stnate cortex the\ are supphed 
bv perforating cortical aessels mainh from the calcarine branch of the posterior 
cerebral but also from the middle cerebral arterj It is said that of the«c 
perforating ves'sels those whicli supph the radiations are indefiendent of tliose 
Mluch Bupplj the cortex 

The Visual Cortex is supplied mamlv bj the postenor cerebral especialU 
via its calcanne branch The middle cerebral helps at the anterior end of the 
calcarine fi«isure and on tlie lateral surface near the po tenor pole tJiere is 
according to Shellshear a fairU well marked anastoraosi". between posterior 
and middle cerebrals uhich may account for the sparing of the tn casa of 

ihrotnbo^ts of (he posterior cerebral 

These ve‘5selsformanchiietworkmthepia from which short branches pa'« to 
the grej matter while larger branches pierce this to reach the white matter 
The latter a easels are procticailv end arteries communicating b\ capillanes 
onli Thus we roaa base locali ed areas of softening in the white matter 
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The Blood-supply o! the Lower Centra — Tlje roof of tlie inul braui is eupplieil 
from n network of \«s’«elb coming from the posterior cerebral and superior cere 
belhr arteries, but the former ^ easels pro^nde the main supph to tlie superior 
corpora quadrigennna 

According to Alerais and D’ Astros, the oculomotor and trochlear nuclei 
are suppbed bj specific end arteries nliicfi arise from the posterior cerebnl 
artery and enter the mul brain through the posterior perforated substance 
{tig 177) (Stopford, Jioaveacr, states that these nuclei arc supplied from the 
basilar arter\ ) The ahdueens nucleus is supplied hj a specific end arterj •which 
comes from the basilar (Stopford) A^er^ rarch the anterior spinal helps 
(Shellshear) 

The Venous Return is partly b> the cortical %cin& and partly b> the 
internal occipital vein which runs close to the jiostenor cerebral and has been 
divided m approaching a pineal tumour (see Hams and Caims, Z«Hce/, 1032 p 1) 

These aeins aro also practicallj end aeins, so long ns thej are m the brain 
substance, but intercomnumicate m the pia A thrombosis of the veins is 
less likeh to lead to as permanent damage ns a corresponding lesion of the 
artery 


PnAcncaL Covsidmutions 

1 Dnwion of one optic nerve results m hhiidnc'S of tint eje and a dilated 
pupil whicJi does not react to light directly but does consenauall^ Tlie vision 
of the other eve is unaffected , its pupil roads to light directly , but not consensu 
oll> A glance at the diagram (Fig ISO) will make it clear that the reflex can 
got to the sphincter centre of the affected side, when light is thrown on to the 
good ejo either through the chiasraa or through the posterior crossing in the 
mid bram 

Tlie affected pupil will, of coiir*e react to convergence, but does not come 
under the catogorj of the Argvll Robertson pupil {qt) 

2 Divusion of the optic chiaamn results m bitemporal licmianopia (a con 
dilion most commonly, but bj no means mvarnblv, seen m pituitarj tumours) 
It abolishes neither the direct nor the consensual pupil reactions 

Theoretically, at any rate a modified A\ernicko (see later) ought to lx* 
pnsent, ic the jmpil ought to react ivlien the light fills on the tempoial 
(le seeing) halves of the retma only Division of the uncrossed fibres of 
the chiasma gives rise to bina«al hemianopm This was noted m a case of 
Knapps and viois found on post mortem to li© due to calcified internal carotid 
arteries 

J Behind the chiasina complete unilateral dnusion of the visual pathway 
in any jurt of its courve will result in a contralateral hemianopn, e g if the left 
pathway is divide<l there results Icfes of the right bahes (temporal of the right 
side and nasal of the loft) of the visual fields 
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4 Di\ 1 ion of the optic tnct produces a contralateral honionj mons hemian 
opn and while it abolishes neither the direct nor the con-’ensual pupil reaction 
it gi\e> n e to Wernickes hemiopie pupil reaction le the pupils do not react 
when n narrow pencil of light is thrown on the bjmcl halves of the retina? but do 
react if it falls on the seeing portions It maj not be out of place here to state that 
owing to the scattering of light bj the media of the ea e the test is evceedingh 
difiiciilt to perform 

o Since the pupillan and aisunl fibres part company in the posterior third 
of the tract behind this point the\ are usually affected scparatelv This accounts 
for the fact that the W emicl c s hemiopic pupil reaction differentiates a tract lesion 
from a lesion of the \ isual pathway behind the point of separation 

C Destniction of the cvtcmal geniculate bodv gives rise to a contralateral 
homon3 mous hcmianopia (Henschen Brouwer and Zeeman) 

WHiile this IS the view which is now becoming generallj accepted one must 
i-tate that von 'Monal ow and others hold that the piilvmar of the thalamus must 
lie mvohed as well to produce it 

7 It is now generally held that destruction of the Bupenor corpora quadn 
gemma has no effect on axsion It is still disputed how many (if anj) pupillary 
fibres reach them Brouwer and Zeeman saj that if anj do thej must be non 
inac}inate<) and Loini«ohn finds that destruction of a superior corpus quadn 
gemmum in rabbits has no effect on the jnipiHarj reaction 

8 Destruction of the optic radiation or Msual cortex on one side as occurs 
m thrombosis of t(ie posterior cerebral artcrj gnes ri.e to a contralateral 
homonsmous heinnnopn The pupils ore unaffected and the macula is 
spared 

If the hemianopia is accompanie<l bj hemiplegia or hemiansesthesia the 
lesion IS in the posterior limb of the internal capsule behind the lenticular 
nucleus 

Destruction of that portion of the geniculo calcarine fibres which passes for 
w ards into the temporal lobe results in a superior quadrantic hemianopia 

Tire 'Medial Lonoitudihal Bundle 

The Medial Longitudinal Bundle is n well marked band of fibres which runs 
close to the mid Ime through the mid bram pons and medulla Aboae it 
establishes intricate connections with the region immediately aboae the mesen 
cephalon below it is continuous with the fasciculus anterior propnus of the spinal 
medulla at the decussation of the pyramids 

In the mid bram it lies ventral to the central grey matter and below this 
directly beneath the floor of the fourth ventncle It is intimately associated with 
the nuclei of the 3rd 4th and 6th nerves (T^ 130 134 135) The nuclei of the 
oculo motor and trochlear nerves ate closelj applied to its medial and dorsal 
aspect while that of tlie abducens Les on its lateral side 
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“ It would appear, therefore, that one of the most important functions of the 
strand is to huul together those miclei, and thus enable them to act in harmony 
one with the other 

Tims, m looking to the right, for instance, the external rectus of the right side 
IS enabled to work with the internal rectus of the left. 

“Tlie most important element in the medial longitiubnal bundle, however, 
consists of fibres conimg from the vestibular nucleus wlucb proceed to the oculo- 
motor group of nuclei of both sides ns well as to both accessory nuclei in the 
medulla oblongata By means of these connections, movements of the fluid in 
the semicircular canals can reflesly move the eyes and the head 

“ It IS evident that it is a brain tract of high importance from the fact that it 
is present in all vertebrates and further that its fibres assume their medullary 
sheaths at an extremely early' jicnoil In fishes, amphibians, and reptiles it is 
one of tlie lai^est bundles of the brain stem In man, its fibres medullnte between 
the sixth and seventh months of foetal life and at the same time as the fibres of 
fasciculus or anteniis proprius of the spmil rnwhilJa with which ;t stands in 
connection " 
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CHAPTER VH (conlimidl) 

THE EERVES 

TlIP I^\01.U^TAR\ NLR\Ot7S S\STEM ’ 

The jnvoluntfirj nenoii-i like the voliintar\, has scntorj (receptor) 

connector, ami motor (cxcitor) elements but in the fornitr the excitor elementfl 
ha\B left the central nervous sxstem to form tl c various ganglia The eentsorj 
elements haae remained in the same itosition as those of the aohintar^ s^etem 
1 0 m the posterior root ganglia ami connect bj means of the sonsorj root ttith 
cells of the connector elements which ha\c remained m the central nctaous 
ajstem The connector fibres which are neither sensorj nor motor have passed 
out aa white ramicomnumieantcs to reach the motor excitor elements which ma\ 
have wandered to the lateral chain ganglion to a i>enpheral ganglion such as the 
oiliarj or cceliac or may bo motor cells on the wall of the organ supplied (ns are 
scon on the rectum and bladder) 

Hence the cell m the lateral chain gaiighv is homologous with the anterior 
horn cell of the somatic svstem and the lateral horn cell is homologous with tJie 
cell of the (mtcrcalated) tonncctor neurone of the somatic s^^stem 

The collaterals of the sympathetic sjstem make connection with man^ 
neurones Hence movements produced b\ the mvolimtnrj nervous svstem are 
I>rimitive, 1 e c« r/iosse (cf protopathic sensation) 

To Snmmanse 

Voluntary System — heiofory {receptor) neurones both spmnl and crnnml m 
the jKi*5tcnor toot ganglion or its Iioinologuo (e g Gas enan) 

1/o/or (raxj/or) — Neurones in the central nervous sj-Btem 
Connector {intercalated) — Neurone also in the central nervous B;y8tcm 
Involuntary Ssrstem — Sensorv neurone also m the iiostenor root ganglion 
Tlic motor (excitor) neurnne is in the lateral chain ganglia in the peripheral 
ganglion or m cells on the organ supjilied itself 

Tlio connector neurone starts in the lateral horn of the dorsal region or its 
honiologuo and leaves the cord b\ the white rami communicanfes 

llicv are thus viedullaUd pro ganglionic fibres The jiost ganglionic fibres arc 
non inednllated There ls onlj one exception to this m the ciliary ganglion 
wliero the ifost ganglionic fibnsnn ineduUatcd 

Onekclt Ttt It toivniarji hrntiu* kjiilem 
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There are four outflows of fine meduUated nerves to peripheral motor ganglion 
cells 


I cranial autonomic, 

sympathetic sj'stem 
sacral autonomic. 

1 The hlid-hram Outflow of connector fibres probably arisen m the nucleus of 
Eclmger tVestphal, pass out with the 3rd nerve to the ciliary ganglion, where thej 
make connection uuth motor cells From here post ganglionic meduUated fibres 
pass m the ciliary nerves to the sphincter pupiile and ciliarj muscles The 
medullation maj be associated \vitli the fact that these muscles are striated in 
birds Acetyl choline has no effect on this outflow. 

Tliere la reciprocal mnerration of antagonists Thus stimulation of the 3r<l 
nene contracts the sphincter and inhibits the ddatator, and likemse the sjmi* 
pathetic IS motor to the dilatator, and inlubitor to the sphmeter 

2. The Bulbar Outflow of connector fibres (corresponding to the uhite rami 
of the dorsal region} arises m the nucleus intercalatus of Stadermi, \\ Inch consists 
of small cells m the dorsal nucleus of the vagus m the floor of the fourth ventricle 

The following are the cranial nerves tvhich contain fibres corresponding to 
uhite rami and belonging to the bulbar outflow 

(1) 7th as the great superficial petrosal from the pars intermedia to Meckel's 
ganglion b} wa> of the ^ idian {qt , ) Probably eventually supplies the lacrimal 
gland 

(2) The chorda tympani from the pars intermedia to the submaxiUary gun 
ghon, and thence to the submaxdKry and sublingual salivary glands 

(3) Otli The nervus tyrapanicus from the glossopharyngeal to the otic 
ganglion by way of the small superficial jietrosal 

(4) 11th The ujuierrootletscontain fibres a Inch go to the internal branch and 
join the aagus, while the external branch goes to the stemo mastoid and trajienus 

The Sympathehc Fibres which pass to the eye are discussed on page 275 


1 Prosomatic or mid brain 

2 Bulbar 

3 Thoraco-lumbar 

4 Sacral (nervi erigentes) 


The StcjiEisTAi, Value or the Occi^^r Nernes* 

In some of the lower ■> ertebrate^, especjallj the elasmobrancli.', there are at lea-'l nine 
sepncnt» included in the constitution of the head lu the higher sertebrates it is diflicuU 
to be sure which ner\e belongs to which segment, hut the following is a commonU accepted 
% low 

The 3nl none belongs to the Ist head se^nent It includes n large-fibred mesial somatic 
efTirent part ihstnbuteU to the orbital rou'Cles dentetl from the let fomite, and » wnall 
hbre«l splanclinic cfTtrent Jiart, pa.-«sing to tlie ciliac) ganglion 

Tho lateral somatic eflirent fibres, are perltapi rcpn.“.eQte«l as suggested bj Gaskell b^ 
the upper (ocular) facial, which is held to be deri\cd from the oeulo motor nucleus Tlie 
ophthoJinic di\LSion of V appear^ to Ije tin* afferent nen,6 of this segment In the tla'^mo 
branchs. Hoffmann finds the ramus ophthalnucus profundu... which corresponds to our 
> See Thane m Quoin's Anotomy, 10th edition 
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nassal uenc (Ewart) u (le%'rIop«{ indtpemlentb of mt of the Atli, and m close relation 
to the 1st somite 

GftsheU, however, con'iiilers that the aiTerint libren of the lot segmental nerve, with their 
stationary ganglion have undergoiK degeneration and are now represented only by the 
vestigial structures on the roots of tlw 3nl nerve and liis view receives support from the 
observation of Martin that m the enriv tmbryo of tlie cat, the 3nl nerve w providwl with 
a dorsal root which suh-,equcnily dL-appears , a ganglioiiated dorsal root to the oeiilo-motor 
nerve has been de«crib«l by Kupfer m Aimnocefea an<l by Froriep in Torpedo 
Tho 4th nerv I- supplies the superior obliqm tho muscle of the ind somite 
The Sth nerve, esetudmg the ophthalmic division, also belongs to this sepnent (IfoH 
rnaan), of which the motor root w tlw lateral somatic efferent 
The sjihenoTiia'cillBry and otic ganglia belong to this aepnent 
Tho Cth 7th, and 8th cranial nerves belong to tlie 3rd hvgmeiit 

Tlie 0th and 7th are tiu ine^iat and lateral bomatio efferent risptctivily Tho great 
superfitiiil pttrnsal and n part of tlie pars munnrdia (that to suhmaxillarv ganglionl con 
stitute the epianchnic eifcniit white thr g«.ni<ulatc ganglion belongs lo the splanciintc 
afforent 

Ihe somatic eflirent is the audiiory, with its acoii'tic ganglion 

The 4lh segment w supj rossevl , possibly it h npre^enied hv the pars inteimedia 

TIk. Olh twtve belongs to the Sth «epnent 

i1i< lot It nerve bvh ngs to the othand TtliMpnents but the mesial somatic afferent of tlu 
7tii segment w in the hvqioglov.-ml which is composid of the medial somatic efferent parts of 
(he Ust thn.'e or mare ciplialic (originally Nt spuial) segmental nerves 



CHAPTER VII [conlmued) 

THE NER\^S 

The Path of the Lioirr Reflen. ^ 

T\\ 0 mam views are evpres'^cd with regard to the ongm of the light reflex 

1 Hess (1908 and 1022) m his experiments ^nth dmrnal birds xibich have 
jellow oil globules between the inner and outer portions of the rods, and 
nocturnal birds whicli have none, showed tliat visual and pupillarj reactions to 
hght stimuli of var 3 ing intensitj and under different conditions of adaptation 
ran parallel, and came to tlie conclusion that the outer portions of the rods are the 
receptor organs— both for vision an<l for the light reflex This is the view most 
widel) accepted 

2 Schirroer (1894) beheved that the light reflejk, started id the inner nuclear 

laj or especially m the amaenne cells For m diseases of the outer retmal layers, 
Bight is affected much more than the pupil reflex But Von Hippel pomta out 
that these cells are absent just m the macular area where the light reflex is most 
easily obtamed \ ^ 

It IS probable that the light reflex cm be obtained from any portion of the 
retina up to the ora serrata, and not as thought from the macular area 
only But it is certimly much more easily elicited when light falls on the central 
area while strong lUummation is necessary to produce it from the peripheral 
retina 

The Afferent Tract — Here again two views are expressed as to whether the 
visual and pupillary fibres are different or identical That they are probably 
different is sliown by the fact that in certain ca«es of complete blindness the 
pupillary reflex w as obtamed Ako as Parsons pointed out, if the fibres had two 
functions it would controvert UluUer s law of specificity of ner\e conduction 

^fcrch however, may be sanf Airffte newexiiressed hy/ngvar and i<enr that 
the pupillary fibres are non medullated and run m the periphery of the optic nerve 

The pupillary fibres run %n the opltc nene , for its division abolishes the direct 
but not the consensual light reflex The pupillary fibres partially cross in the 
ehtasma as do the visual, a portion going oier to the opposite side, while the remainder 
pass on in the optic tract of the same side We know that the pupillary fibres cross 
m the cbiasma, because division of one optic tract abolishes neither the direct nor 
the consensual pupil reactions Expenmcntal division of the cbiasma abolishes 
neither the direct nor the consensual light reflex Hence there must be a posterior 
crossing as ttell 


18 


See Behr Dtt Lehrt con den i^psUen6eire;un;en 19’’^ 
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The pupillary fibres do not jkish fojm the chiasnm to the floor of the third 
\entnclc, for experimental separation of the chiasma (Trendelenberg and Bumke, 
1911) from this structure has no effect on the light reflex. The puptUary fibres 
run in the optic tract, division of «hich caujses IVemicke’s hemiopic pupil reaction.* 
They leave the visual fibres at the posterior part of the tract, do not form a cell 
station at the external geniculate body, but run superficially iii the anterior brachium 
conjnnctit uin to the outer side of the svjienor corpus guadrigeunnum. Divi-^ion of 

F’lC ISO — ScUKJIF or TflK PlITtLLAJt\ Patii 
fI>TERnuiTt'D Lines) 

Section «t (a), le of Iho left optic nor\e, 
cftuscs btiixlnciU of tlic left c\c, nbolition of the 
alircct reaetton to light of the left e>e intli 
retention of the conseiieiml. and atxilitioii of 
the ecHiKcnaital reaction of tlie right eje with 
retention of the direet 

I't (6). 1 1 of the chinsmn. ctiiKM bitemporal 
liemianopiu . abolishe* neither the direct nor 
(lie eonscnaiial pupil reaetion 

At |e) te of left optic tract, cftwea contra 
lateral (i e right) homonjmoiw Iiemmnopin , 
IVemieke'a licmiopie pupil miction 

At |d) I e of t)i8 superior braehiiim on lolh 
ai<lea. cause* Robertaon pupils 

At (c). le both nfferent fibres eomiiig to 
left niiileua. iiiiila(era) (left) Argyll Robertson 
pupil 

At (e), on boih sides causra hilntorot Argyll 
Itohertson pnpiU 

There ought ti> I c a cell station before the 
filireareaeli the third nerve nui hi 


both anterior brachia conjunctiva abolishes the pupil reaction't to light on botii 
sidcB (Karplus and Kreidl, 1913). 

It is probable tliat the fibres which enter the »uj>erior coqius quadrigeminuni 
have nothing to do with the light reflex, for as Levinsohn has shown, destruction 
of this body dowTi to the iter has no effect on the light reflex 

The main mass of pupillary fibres passes into the mid-brain to the outer side of 
ike superior colliculus, partially crosses to the opjnsife side {possibly vi the posterior 
commissure), ami thus reaches the Sphincter centre of the same ami opposite side vui 
the posterior longitudinal bundle. 

In the intracerebral course there are one or more ceil station-s. 

The Sphincter Centre is certainly in the anterior part of the 3rd nerve nucleus, 

> Seo expenrocntii by Karplui an<l Kiriill, 1913. Case of Mnriu and Chatclin, Jlevut jlViirofo. 
gi^ur, 1615, 
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but it IS not decided whether it lies in the small celled median nucleus of Perlm 
or ui the small celled paired nucleus of Eduiger W estphal 

To Sum Up 

The probable course of the afferent pupiUarv fibres is as foUous {Fig 190) 
Thej start in the rods and cones — ^pass through the retina to reach the optic 
ner% e partiallj cro'^s in the chia'tma like the visual fibres accompanv the visual 
fibres in the tract to its posterior third where the\ leave the tract as a separate 
bundle of fibres to enter the superior hrachmm conjunctivum pass into the 
mid brain lateral to the superior colliculus partially cross to reach the anterior 
part of the 3rd nerve nucleus (? Perlia * Edmger estphal) of the eame and 
oppo'^ite side \ia the medial longitudinal bundle 

see therefore that there is a double crossing — nanielj m the chm«ima and 
m the mid brain 

The Efferent Tract — From the sphincter nucleus the fibres pass into the 3rd 
nerve (where the^ probablv occupy a central position) * then along it** branch to 
the inferior oblique to reach the ciliarj ganglion \ia if* short root Here thev 
make a cell station Then via the medullated short fjJnrj nerves thea pierce the 
globe round the optic neiae occupv a position between the choroid and sclem 
and so reach the sphincter pupdl'e 

The PupiUodilator Fibres — ^Tlie dilator centre (centrum cilio spinale of Budge) 
lies m the latgra l column of the spinal cord at the junction of its dorsal and 
cervicaljtgiona Tlie dilator fibres leave the cord Ma the w hite rami conmiuni 
cantes of the 7th and 8th cemcal and Ut and 2nd dorsal nerve's Tlie\ j a'*s up 
the cervical 8^mpathetlc cord to reach the snpenor cervical ganglion where the\ 
form a cell station irora here the past ganglto iic fibres run upwards with the 
sympathetic plevus around the internal carotid arterj which thev leave to join 
the Gasserian ganglion Thea pass into the orbit via the na'so ciliarj ner\e and 
enter theeje via the long ciliarj ncr\e« and so reach the dilatator mu'^eJe 

A Higher Centre lor the Dilator Path — ^Although dilatation of the pupil 
results almost invanablj from stimulation of the cerebral cortex there is no 
cortical dilator centre Parsons (1904) pro\ isionall^ placed it m the mesen 
neir t}:e third nudhiis htit Karpias fimi Jrre.vJl fiinfuei} th^t it 

w as Jugher than this in the hvpothnlamic region 

^\lth regard to the homologies between the sphincter and ddator sj*stems 
the centrum ciho spinale of Budge corresponds to the sphincter centre in the 
mid brain and the ciliarj ganglion to the superior cenical ganglion 
PRACTIC\I> CONSIDFRATIONS 

1 Tlie results on the pupillara reactions of dntsion of the optic ner\e the 
optic chiasma the optic tract and the Msual pathwa\fi behind the point of 
separation of the pupillar\ fibres have been discussed on p 2fC 

' Thpj probablv J e i the in dJIeoftl ectwii aect onorii o 3rd nerve for as F rl < (I'K) ) point e«l 
out m involvement of the nerve at the ba.«e of It e ak It the internal e^e n geW are < f e KpHnni 
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2 Dm^jon of both brachia conjunctiva results in Jo«s of tlio light reflex m itli 
retention of the reaction to convergence (Aigjll Robertson pupil) 

3 Tor the relation of the superior corpus qiiadngemmum to the light reflex 
see p 274 

4 Dni-ion of all the pupillart fibres m the mi<l brain before thej reach the 
sphincter centre results m bilateral loss of light reflex with retention of the 
reaction to convcigence (Argjll Robertson pupils) 

5 If the direct and crovied fibres going to one sphincter centre nnl> are 
di\ided a unilateral Argyll Robertson results The pupil does not react directly 
or consensuall^ The reason for this is easd^ seen from the diagram, for the 
8])!imcter centre of the alfcetcd side cannot Ixs reached from either eye The 
piijul on the sound side reacts directly and comensiially 

0 Total pupillarj paralysis, that is. failure to react to light and convergence, 
may lie due to (o) a supra (cxtra)nuclear lesion , (fc) a nuclear lemon , (c) a 
legion of the 3rd nerve , (d) a lesion of the cdnrj gvnglion , (s) a lesion of the 
short ciliary nerves It is probable that the fixed pupil in acute glaucoma js due 
to pressure on the short cflnry nerves as they ho between choroid and solwa 
The mydnatics (atropinTofc ) act on the post ganglionic fibres of the para sym 
liathetic, m this case the third fibres m tbo short ciliary nerves , (/) a lesion of the 
ciliary and sphincter muscles , (<?) one ought to add here that lo«8 of reaction to 
light and convergence may Iw due to mechanical causes— most commonly pos 
tenor sy nochiai It should bo noted that (apart from (( 7 )) the larger the pupil the 
more complete the paralysis 

7 The Anatomy of the ArgtjU JtoberUon Vnml — ^Thero are three main 
ixjssibihties for the site of the lesion* 

(o) That it IS on the afferent side of the reflex arc just before the pupillary 
fibres reach the sphincter centre This is prohablj the most generally accepted 
view The diflicultv about accepting this, and uulced all the other theories, is 
tliat it 18 based on practically no pathological evidence 

(6) That it IS on the afferent side the lesion being m the supenor brachium 
conjunctivum Ixmz and Ingvar believe that the pupillary fibres run super 
ficiallv in the optic nerve and sujienor bmchiiim Tliey hold that the spirocliictal 
(or other) toxin is in the cerebro spinal fluid, ami wall therefore affect the fibres 
nearest the subaraclmoid simce, le pupillary fibres It will bo remembered 
that Karplus and Kreidl producetl the Argyll Robertson pupil by dividing the 
Bupeiior brachia 

(c) That it Ls on the efferent side in the ciliary ganglion (Manna) Wliile the 
pupillary fibres are certainly more vulnerable thon those which have to do with 
convergence, it is difficult to see how, if the lesion were in so small a body as the 

* In tiji'')? •» fi* “ «ll« for Hw Iwiion It m xny Mnportnnt to renieml'er thnt in tho unilateral 
Argyll Kol»>rt*on pupil tlic pupil on tlio aHaelrd ai te dor* not react to light (iircctly or c«n80ii»ually, 
whilo ilio pupil on tho xiun 1 ■ulo renctii lo tight both ways 
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cilmrj ganglion, the Axgjll Robert'^on pupil may be present for years and the 
reaction to convergence not be diminislied but actmllj mcreased 

Tlicre IS verj little to be said for Reichardt’s Meir that the lesion is in the 
spinal cord 

Pn^crncAL Considerations 

Division of the cerancal ajTnpathetic results m Homer's syndrome or Homer’s 
tnad pto«is, small pupil, and enophthalmos 

The alTectcd pupil does not dilate in the dark or after the instillation of 
cocamc or after pinching the neck (ciho spinal reflex) In bnght bght both 
pupils contract and their inequality disappears 

The affected side of the face does not flush or sweat, and the ear feels colder 
than on the normal side The area of absence of sueatuig includes the whole of 
the upper limb (Panes Stewart, Slicrren*) 

According to LcMn^ohn the ocular symptoms are more pronounced if the 
superior cervical ganglion is dcstroved than if the cervical sjonpathetic cord 
forming the pre ganglionic fibres is cut 

Injurj- to the cervical sympathetic may result from uounds, accidental or 
operative, and inaoUcment in growths, etc The pupillary fibres may also be 
affected m the loner arm type of brachial birth palsy (Klumko’s paralysis), 
and m injuries to tlie spinal cord 

Stimulationof the cervical syonpathetie results in cxophthalmus, indening of 
the palpebral fissure, dilatation of the pupil, and often flushmg and eweatmg It 
results from pressure by aneurisms, tumours, apical tuberculosis, etc 
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fuF OPirrHM.Mic Arxuu 

Tith oplitiialmie artprj fiom the me<li‘il wde of the comexitj of the fifth 

bend of the niternil carotid just after tlits vessel has left the cavernous sinus 
b} piercing the dura forining its roof At its origin (I igs 143 144 and 145) the 
ophtlialmic arterj is niednl to the anterior elimnd process and deep to the 
optic ncr\e It runs directly forwards for a few millimetres under the tuner 
aide of the ncr\e then bends oiitwaids UsMaIl> the origin of the artert lies, 
under tl e muldle of the ner^c but sinte its course here is intero posteru r and 
that of the ner\o outwards as well as forwitxls it maj appear at the inner 
bolder of the ner\o before erentiiidli jsassing UtenlH (ligs 139 175) ‘ The 
nearer the origin of the nrtcri w to the ojitic foramen the nearer the inner aide 
of the nerve is it placed and vice ver«i 

It jassts through the optic eaml in the dural sheath of the nerve at first 
tjmg under it tlicn passing to its litcrd side it pierces tlie sheath near its 
entrance into the orbit 

In the posterior part of tiie orhit it lies m the cone of mu«clcs antli the ciliarv 
ganglion and the latenl rectus to its outer sule and the optic nerve medial 
{ligs 14', I4f) 

Tlio arterv aseends passes over* the nerve and deep to the superic r rectus to 
reach the medial wall of tlu orhit in com|mnv v\ith its satellite naso cih irv iicive 
(hig 145) U jns.sea forwards Iwlnecn the medial rectus and sujierior oblique 
towards the intenml angular jirocess of the frontal behind which it emU bv 
dividing into nasal and frontal branches 

riu. ophthalmic arterv and its branches art nmrUedl} tortuous 

Branches 

1 The central arterv of the rctmn (artenv tentrahs retina?) 

2 l’< stenor eilinrv arteries 
i The lacrimal arterv 

4 llccurrent branches 
» Muscular brandies 
0 Supraorbital 

4tt«rclt fo rt of A yjl nllljt \xt NS x ISgfl 4J I 
s S,.® VBrrttonx j 2SI 
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7 Posterior ethmoidal 

8 Anterior ethmoidal 

9 Superior and infenoi medial paliiebn! 
10 Jvasal 


11 Frontal] 


tcrnninl 


1 The Central Artery — Its terminal branches ha\ e no anastomosis except a 
sliglit one ^vlth the circle of 7inn or Halter around the enf mice of the ner^ e into 
the e\e (seo al o p 09) 

2 The Posterior Cihary Arteries come off as tn o trunks while the ophthalmic 
arter> is still helou the optic ner\e Tlic«e dnidc into some 10 to 20 branches 
uhich running foniards surround the nerve ami pierce the eaeball close to it 
The majoritj called the short cihary arteries enter the choroid coat of the eje 
Ti\o branches — -Me hug j) 0 ’<(enor ethanes — honcxer pierce the sclera to the inner 
and outer sides of the nerve resjicctiveU (Fig 145) Thev run forwards between 
the sclera and choroid to supplj the ciliarj bodv and then anastomosing with 
the nii^enor cduiry arteries to form the etrcuhi^ orteriosit^ tndis major ("ee 
j) 02) Bupph the ins 

3 The Lacnmai Artery arj«es from the ophthalmic to the outer side of the 
optic nerve Jt runs forwards, at the npiier border of the lateral rectus muscle 
m companj with the lacrimal nerve (gi ) to the lacrimal gland which it supplies 
Having passed through or to the outer side of the gland it supplies the conjiinc 
tira and ejehds (Tigs 144 145) 

Branches — (a) TJie recurrent Meningeal branch passes backwards through the 
sphenoidal fissure or through a small foramen m the great wing of the sphenoid 
to anastomose with the nu<Idle meningeal arterj a branch of the mternal 
maxillarv winch in turn comes olf the external carotid This anastomosis 
13 therefore one between the internal and external carotids le between the 
primitive dorsal and ventral oortse At times it maj be quite large and replace 
the ophthalmic m part 

(6) The temporal and zygomatic {malar) brand ea accompanj the corresponding 
AtUfTcfttOf cJiT (l(e sectrrrrf tfrvn.iuir of Sfh aecctr sad enssioaKise mih ifre 
anterior deep temporal and transverse facial artencs respectively 

(c) 2 he Irtferal palpebral branches form arcades m the lids by anastomosing 
mth the corrcsponduig medial palpebral branches of the ophthalmic arterj 

4 Small Recurrent Branches pass back tlirough the superior orbital (sphe 
noidal) fissure to join similar branches from the mternal carotid Others run 
back in the dural sheath of the optic nerim 

5 The Muscular Branches are usually given off as tw o mam branches lateral 
and medial vnth a varymg number of smaller twigs The^e latter come from the 
mam artery and also from the lacnmai and supraorbital The lateral branch 
supplies the lateral and superior recti the levator and superior obhque The 
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medial branch is the larger of tlie two and supplies the inferior and medial recti 
and the inferior oblique (See the anterior cdiaries, p 60 ) 

C The Supraorbital Artery (Figs 14I to 14 j) comes off n here the ophthalmic lies 
above tlie optic non e It lies at first medial to the sujwnor rectus and levator and 
then above the latter muscle and under the roof of the orbit It meets the nerve of 
the same name at the junction of the postenor and middle thirds of the orbit, 
and then accompanies it through the supraorbital notch or foramen and mth it 
crosses the areolar tissue deep to the frontalis {the dangerous area) and so 
reaches the scalp where it anastomoses uith the sniierficial temporal and frontal 
actene** It supplies the upper eyelid the scalp and also sends twigs to the 
leiator, the iwnorbita and the diploe of the frontal bone 

7 The Posterior Ethmoidal Artery (Fig 146) is a small vessel winch enters the 
posterior ethmoidal canal m eoinjianj with the posterior ethmoidal nerve (nene 
of Luschka) when this is present It supplies the mucous membrane of the pos 
tenor ethmoidal air-celh and upjjcr part of the nose 

8 The Antenor Ethmoidal Artery (Figs 144 145 140) is larger than the 
preceding It comes off where the ophthalmic lies between the superior oblique 
and internal rectus It accompanies the nasal nerve through the anterior eth 
niouhl canal to appear m tiie anterior cranial fossa It enters the nose b\ a slit 
in the antenor part of the cribriform plate occupies the groin e on the deep surface 
of the nasal hone and eicntuallj appears on the face between the lateral nasal 
cartilage and the nasal bone 

It gives the anterior meningeal branch to the dura mater of the anterior 
fossa and it also supplies the mucous membrane of the front part of the nasal 
cavitj , the anterior ethmoidal air celb and the shin of the nose 

0 The Sapenor and Infenor Medial Palpebral Branches come off near the 
front of the orbit They pass above and below tlio medial tarsal ligament to 
reach the upjier and lower lids respectiaely (Fig 105) Here they ho in a plane 
between the orbicularis and the tarsal plate where they anastomose with the 
corresponding branches of the lacrimal to form tho arterial arches or arcades 
of tlio lids (see p 133 and fig 100) 

Tho medial palpebral arteries also neml twigs to tho conjimctivn tho caruncle, 
and lacnmal sac 

10 The Nasal Branch pierces the septum orbitalo aboio the medial tarsal 
bgament to supply the elan of the root of the nose and the lacrimal sac It 
ana-stomofecs with the angular and nasal branches of the facial (external maxillary) 
arterj 

11 The Frontal Artery (Figs 105 141) pierces the septum orbitale with the 
supratrochlear nerae which it accompanies It jinsses ujiwards, round tho inner 
end of tho supraorbital margin about 1 in (I 27 cm ) from the mid line and 
supplies the skin mu‘>clcs and periosteum of the mesial part of tho forehead It 
anastomoses with the supraorbital and with its fellow of the opposite side 
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VAKIATJOVS IX TUE OPflTMAI^C ARTER\ ' 

1 The ophthalmic artery in 15 per cent of casea cros.^s beneath instead of o^er the 
optic nerve 

2 It ma> enter the orbit through the sphenoidal fissure 

3 Tlie lacrimal often, and the ophtlialmic rarely, raav an e from the middle meningeal — 
bv an enlargement of the recurrent lacrimal orterv which joins the lacnxnal to the middle 
meningeal (that is, marks a union between primitive ventral and dorsal aorts) 

4 Tlie lacnmal may be reinforced by the antenor deep temporal 

5 The branches of the ophthalmic artery show great variation. The supraorbital and 
posterior ethmoidal arc both inconsistent and there are often accessory ciliary trunks The 
nasal branch may replace the facial m part 

The Cerebral Arteries (Figs 174 and 175) 

The Antenoi Cerehtal Artery arises from the interna! carotid close to the Sy Ivian fissure 
crosses above the optic n^rve, and approaciung its fellow of the opposite side is joined to 
It bi the nnlenar eommunieatiny \ esse) wJiieh is, as a rule about 4mm long It then curls 
round the front or yenu of the corjius callosum on the upper aspect of wluch it runs to the 
spleniuro, where it anastomoses with the posterior cerebral 

It supplies the front of the caudate nucleus bv branches which enter the antenor per 
forated substance , the corpui cello lun . the media! aspect of the hemisphere es far back 
as the paneto-occipital fissure , a email strip on the upper part of the lateral surface, and 
the medial portion of the under surface of the frontal lobe 

BloeJnixg of the vestel may ynx nee to no eymptome but hehttude and duUnete of tntcUtet 
may rrauff (Osier) 

The Middle Cerebral Aziery is the largest branch of (he internal carotid of which it 
appears to be the direct continuation It runs outwards into the Sy Ivnan fissure, and breaks 
up into branches on the inland of Red which supply the lateral aspect of the hemisphere, 
except for a strip near its upper border (anterior cerebral) and a strip along the lower 
border (posterior cerebral) 

It sUo sends the medial and lateral stnate arteries through the antenor perforated 
substance 

The medial etriale arierite pass through (lie inner part of the Icntiform nucleus, which 
thev supplv and also send brandies to the caudate nucleus 

The lateral tlriale arteries pass between the lentiform nucleus and the externa! capsule 
The largest of theee was calleil by Cliarcot the ’ arterv of cerebral hsemorrliage 

The Fosteiiot Commailicatuig Artery runs backwards above the 3ni nerve, to jom the 
posterior cerebral It sends twigs to the optic tract and branches through the posterior 
perforated substance to the optic thalamus 

The Anterior Choroidal Artery pas'ies backwards with the optic tract which it 
supplies (Fig 174), and then through the choroidal fissure to jom the choroid 
plexus of the inferior horn of the lateral xentricle It also sends twigs to the 
external geniculate body («ee p 264) 

Blo-king of the middle cerebral — ' the artery moet tommonly inrofiyd — retuUs tn permanent 
henaplegia from softening of the intenMl eapsuk , «/ plugged before the central arlenea are given 
I See F Mayer Hotph J’ahrb.ui 18S6 
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off liloclmg oj thf brnnchea beyond thia junnt mag be foUoucd by henuphgia uhich u more 
Idrhj to be tmmient, involiee e/iieflylhenrmand fact nw! tf the lemon be on the left siJaaasoct 
aleit fctth (iplayin There may he of the tnduidtud branehea jmaatng to the tnfenor 

frontal gyrus (produeiiirj typienl motor aphttsta tf the disease be on the left side), to the nnlerior 
and posterior erntrfil yyrt (usiinlly eausitiy Mai hemipltyus) to the supra marffinnl and angular 
gyrt [ginnyrise — if the thrombosis be on the leftside, jtrobably tnthout exception — to the so called 
tn-ftuii iinti nlio to right sided hemianopsia), or to the temporal gyri 

emit H ith left sided thrombosis word-deafness rMiift*) (O^ler) 

The Circle olWilhs (I- igs 110, 175 177)HBiiniii»»tomosnl«*twcpn the tuomtirnal carotids 
Bii<i tho liit'iilar // IS the most imjioilant reason uhy lufotiire of one or other common or tntemal 
carotid dors not produce cerebral soflrmny It lies in the «iibnrflchnoi<l space, anil 

etirroiiiKls the stnictiin^ in the iiiteipeihmctilnr foMt 

It li hinncil followa >h hind tlie ba-iilar diiules into tha tuo pastenor rerchrala 
these nn. nnitcsl tn the inteTna\ctttrit»l'»h\ tlu piwtencwiominiMULatMig^ irom tho internal 
carutid. running rtimartls mill innanl^ are tlie anterior cerrhraU, and uniting these is t)io 
Ante nor toinmunicatiiig. 

The Basilar Artery h formed bj the nnion of (ho two scrtebrals at the loner bonh r of 
the pons It runs upwanls m the inetiian grooie of tho pon« on the base of tlie skull, and 
At itH upfs r bonier bifurratoa into tlie two jHihtefior tirebral urtcrie« 

niochmy of the basilar artery may produce bilateral jsiraljsis from tnvolicment of both 
enotor fsiths Hiilhnr syinplomt may be present rigiilily onii spasm may orcur 2 he Im 
penitiire may rise rapidly The symptemis «n fact, are those of apopkzy of the j>ons" (Osici) 

Dnwem-s (ItiuiTi'nAi) 

Ponttne — Seieia) on i ach si<le to tbi pons 

latern&l Auditory mns mdi die 7tli. 8di ami pars intermedia into tlie mtomal auditory 
luiatvu. and w dwtciUMted to the uitcmnl ear 

The Antero-infenor Cerebellar tistmlly cros>>cs the Otli norte on its %entral 
ft<?i;>cct (Figs 132, 17*i), but tt iiu> jms Wtween it ond tlie jions, or tlirtnigh its 
fibres Ihe author lift'i seen the nertc prcssctl into the substance of tho pons 
by an artcno-sclcrotic %es.so! llic artert aupplies tho anterior and inferior 
surfaces of tho cerehelhim 

The Superior Cerebellar comes olT close btlimd the posterior cerebral It Minds lound 
the cerebral ixshmcSe, liming tl>e 3rd mnl 4thTierMs l»ct\»eeii it and the posterior tertbral 
It siipph<-s the iipptr snrfiKi of tlir ctitbillum 

ThePostenor Cerebral Artery (Figs 163 I74)nimi round the cerebral ptdimelo 
parallel to tho suptnor cereWlar and liclow the optic tract The 3rd and -Ith 
ncnis i»ass lietwccn the two arteries Tlie iionterior cerebral proceeds backwards 
abo\e the free margin of the tentonum terelrcUi to the calcarine fissure, where it 
divides into brandies winch run in the jiaricto occipital ami ealtarino fissures 
res^iccttveh 

It supplies («) tlie medial and posterior part of the lateral surface of tlie 
occipital lolio , (&) the whole of tho tentorial surface of tho hemisphere, except 
the anterior jiart of temiiorfll lolie, and also central branches to tho thalamus, 
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mtcrml capsule, reel nucleus, genfcohte bodies, >elura interpositiim and choroid 
plews of the lateral ^entncle 

A block of the right posterior cerebral orterj causes 

(n) Desintetwn of Ihe nfual fibres from (he right side of each reltna, that is, from 
the left fields — arid heiice produces o left hoinongmoiis hemianopia 

(6) Seii<^ory aphasia 

(c) iSoHic/iiHes hemiancedhesia from tnioliemcwt of the posterior pari of the 
internal capsule 

Vcri/ often the posterior cerebral of one side thromboses uilh the middle cerebral 
of the other, and proflttees the most pronounced eases of apraxia (Osier) 

The Veins 

The orbit is drained b\ the sui>cnor and inferior opbtbalmic s ema Tliej and 
their tributaries are curious in having no \alves, being markedl% tortuous and 
having nianj pleNiform anastomoses The\ communicate, moreover, with the 
leins of tlie face, uitli the pterigoid plexus, mth the leins of the nose, andnith 
the caiemou>« sums 


The Superior Ochthaoiic Vein 


The Supenor Ophthalmic Vein is formed near the root of the nose bj a com 
munication from the nngtil ir vein soon after it has been joined bv tho supra 
orbital 

It passes into the orbit above the mtemal tarsal ligament, and then accom 
panics the ophthalmic arterv across the optic nerve and under the sujienor 
rectus to the sphenoidal fi.«sure, bj which havmg, as a rule, been joined bj 
the inferior ophthalmic vein, it leaves the orbit to enter the forepart of the 
cavernous smua 

Its |K)sition in the sphenoidal fissure is visinllv above the cone of muscles, but 
it may pass betv'een the two heads of the lateral rectus, or occupy the lowest 
compartment of the fissure 


(a) The inferior ophthalmic vem usually (tide infra) 

(b) Antenor ethmoidal 


correspond to the arteries of the same 
name 


(c) Posterior ethmoidal 

(d) JIuscular 

(e) Lacrimal , 

If) Central vein of retina) 

(g) Anterior ciliary 

(A) (Two of the) aen”© vorticosai or posterior ciharj veins 
The Central Vem ol the Retma leaves the optic nerve close to the central 
arterv, but usuallv nearer the bulb (Vos-»ms) As a rule it opens directly into 
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the c%verno«s sinus, but end m the superior ophthalmic Tem to which, as 
Sc'ieraann showed, it alwavs gnes a well marhed nnastomotic branch This is 
of some practical importance 

Graefe thoii(]hl that ‘papittccdenia »tfl» dut to tewoKt produced by pressure 
on /Ae aiieriious sxntts and then back along the tena centralis Sesemann's observa 
tioa flcgaUvctl fAis theory 

The Anterior Ciliary Veins accompany the ortenes of the same name Thej 
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pierce the sclera near the cornea, and then liavmg rccened some branches from 
the conjunctiva join the muscular acins (see also p 01) 

The Inferior Ophthalmic Vein commences as a plexus near the front of the 
floor of the orbit It niiis bachwards on the inferior rectus to enter the cav ernous 
smiis either after having joined the suptnor ophthalmic vein or separately 

In the latter case it payees through the sphenoidal fi^-sure cither lictween 
the two lieads of the lateral rectus or occupies the lowest compvrtment In the 
latter position it is in relation with Mullers muscle, which maj, it is said, 
compress the vein and pitxluee exophtJialmos * 

The inferior ophthalmic v ein communicates with the pterygoid plexus through 
the inferior orbital (spheno inaxillarj) fissure , vntU the anterior facial vein over 
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the inferior orbital margin and M itU the enpenor ophtlnlmic a ein It aI«o gets 
tributanes from the loner and lateral ocular roii'scles, the con]nncti\a and 
lacrimal sac, and receives the two mfenor vorticose veins 

The ANOUUiB Vein 

Tlie .angular vein is situated at the junction of the veins of the forehead, orbit, 
and face It is formed hi the union of the 8ui>raorbitaI and frontal veins, and 
rims douTi at the side of the nQ«e lateral to the angular artery, across the nasal 
edge of the medial paljiebral ligament some 8 mm from the inner canthus 
(Pig 110} It IS subcutaneous, and iisible (asadarkblueridge) through the skm 
liere, and above and belon this point till it pierces the orbicularis The angular 
\em (or one of its palpebral branches) is one of tbo bugbears in approaching the 
lacrimal 'ac from the front It commumcates freely with the begmnmg of the 
superior oji/itfialmic iei«, and is continuous below with the/acial tern 

Tributaries — |o) The Supraorbital Vein runs traiis\er«clj along the orbital 
margin deep to the orbicularis, which it pierces under the inner end of the eyebrow 
to join the frontal and form the angular vein It communicates with the superior 
ophthalmic vein through the supraorbital notch, at which pomt it recei\ es a vem 
from the frontal sinus and the diploS 

(6) The Frontal Vein runs down the forehead, accompanj mg the supraorhital 
urten 

(c) The Superior and Inlenor Superficial Palpebral Veins One of the upper 
leiMs not iufre([uerillr/ croiie-s the medial palpeftral ligament between the angular icm 
and (he medial cauthui, where it, too, can be made out through the ehn 

(rfj Superficial Nasal Branches — from the side of the nose 

5he Facial Vein run« obliquely downwards and backwards acro'^s the face It 
ts laterel to and more superficial than its accompanymg arterj It crosses the 
mandible, and joins the posterior facial vein to form the common facial rein, 
which opens into the internal jugular 

Tlie (anterior) facial sem commumcates with the ptejjgoid plexus of veins 
(Fig 181), and thus establishes a «econd communication anth the caaemous 
smus (j i ), the first being via the angular and superior ophthalmic vems 

The flow of blood from the frontal region is largelj into the orbit Hence the 
danger of septic spots on the forehead and face, which maj result in cavernous 
sinus thrombosis 


The Caiekxous Simtses 

Like the other intracranial venous smuses, the cavernous smu'ies are venous 
channels formed b\ the sphtting of the dura mater (Fig 182) 

Tfae\ extend on e<ach side of the pituitary bodj and body of the sphenoid 
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from tlio Hiner tiul of tho siijicnor orbital (ejibwioulal) fiwiro to the apet of the 
petrous part of the temporal bone 

Tlio\ are trn^ er«iC(l bj numerous fibrous trabecula> u Inch gn e them on section 
the ajn>earancc of ca\ernouH tissue nnd from this fact the\ dome their name 

In each sinus is found the intennl cirotid arterv and lateral to it the fth 
ner%e Both these structures receive an insestincnt from the thm lining mem 
branc of the sinus 

The internal carotid arterj eiitcrs the sinus b\ passing upwards from the 
termination of the carotid canal at the medial end of the foramen lacerum 
between the Imgtih and the jietrosal process of the sjihenoid (Tigs 10 U2) It 
then runs forwards lu its groove on the IkkIj of the sphenoid {<j t ) to the medial 



side of tilt anterior tlmoid process wJicrc it turns upwaids nnd pierces the roof 
of the sinus between the optic and orulo motor nerves (Fig 11(1) 

IMulo in tlie sinus it is surrounded by filaments of the 8_)mpithttic and a 
venous plesus 

ll ift tint dote rdttfton of the artery to the ainm uhich explatnit low nrlcrio 
icnofiS rtn«Kris»«^ imt/ ante t>i fracture of the bnit of Ihe shill 

In the Irtlfmlimll of the sums from above down arc the 3rd, 4th and first nnd 
second divisions of the "ith cranial nerves Thev are passing forwards to the 
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superior orbital fi^«ure and foramen rotundum re^pecti\ el\ At the anterior end 
of the sinu'» the -Ith ner%e cro'^'^e's to he abo\c the 3rd (^ee p 200) 

To the outer side of tiicse again, and in contact with the lateral wall of the 
sinus, arc the Gas<?erian ganglion (Fig 130) and the temporal lobe of the 
brain 

Tributaries — In front, the ophthalmic veins and the “spheno parietal sinus, 
which hea along the les«:er wing of the sphenoid 

On the outer side, the Sjhian (or middle cerebral) \ein, and emissary veins 
winch mav pass through the foramen ovale and foramen lacerum Also com- 
munications with the middle meningeal vein 
Seloic, the cini«‘5ar3 vein of Vesahiis 
Behind, the superior and inferior jietrosal smuscs 
Medially, the circular sinus 

Jlost of thc«e tributaries arc of great practical importance 
The Ophthalmic Veins communicate with the angular v em on the face This 
IS the reason xihyu •>mnU sejdic spot on the nose, for instance, may produceihrotnbosts 
of the caicriioits 

The Emissary Vem that passes through the foramen of Wahiis conimumcates 
with the ptcrvgojd plexus , «o also do the veins tint paw through the foramen 
ovale and foramen lacerum 

Moreover, there arc indirect communications with the ptervgoid plexus viS 
the deep facial v em w Inch unite it to the anterior facial v ein, the continuation of 
the angular, and via the branch which the inferior ophthalmic vem sends to the 
plexus, tJiroHgh the inferior orbital (spheno niaxilJarv fissure) (Fig 181) 

The pterygoid plexus of v ems corresjionds to the second and third parts of the 
internal maxillarj artery an<l covers both surfaces of the external ptervgoid 
muscle and al«o the inner surface of the internal pterv gold 

Thus ue ^aie (he anatomical explanation of hou a (hrombosis of the caiernous 
SINUS may spread to the pterygoid plexus and produce an abscess so often found post 
mortem in this condition m the (onstllar region (Perc^ Flemming) 

The Snpenor Petrosal Smus nms in the upper border of the petrous temporal m 
the attached margm of the tentorium cerebelli It crosses above the 5th and Gth 
nerves and unites the cavernous sinus with the transverse It is usually small 
The Infenor Petrosal Sums is placed m the groove between tlie petrous tem- 
poral and basi occipital (Fig 85) It crossed ohliquelj from witlim outwards 
bj the 0th nerve and receives veins from the mternalear It unites the cavernous 
sinus with the beginning of the internal jugular vem below the base of the skull 
The petrosal sinuses explain hou. thrombosis in the caternous sinus may spread 
to the lateral, and finally also produce a sttelling behind the ear through the mastoid 
emissary tein This passes through a foramen in the mastoid part of the tem- 
poral bone, and umtes the sigmoid sinus with the veins of the scalp The fact 
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that the auditor) \eins open into the infenor petrosal sinii*? marhs the route by 
Khich xnfechon of the labynulh moy prodttce caiernova sinn3 thrombosis 

The Circular Sinus is lLsuaU^ described os consisting of anterior and posterior 
intercavernous sinuses ivluch connect the tiro cavernous smu'es and surround the 
sella turcica of the pituitarj bod) \er) often lionever the\ are in the form of 
a plexus of veins Tlie circular emus evplauis June the thrombosis of the caiemovs 
sinus iH the majority of ca*es becomes bilateral 
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THE r>E\ELOPME\T OF THE E\E 

The central nervou'^ sjstem k den\ed from thickening m the ectoderm 
called the neural or medullary plate This becomes conaerted into a groo\e and 
then into a canal Inch is separated from the surface ectoderm and designated the 
neural ectoderm The anterior end of the neural ectoderm expands to form the 
three pnmarv brain ie«icles 

The c^e is parllj mesodermal 2)<artl> ectotlcminl in origin The ectodermal 
portion is demed from that region of medullarj plate Mhich goes to fonn the 
fore brain and also from the ectoderm of the surface of the bod\ 

There are three stages in the cnrlj deaclopmcnt of the retina and 
oplic nertfl 

1 The optic groove 

2 Tlieprimara optic \esicle 

? Tlie second \rj optic ^osi 

clc or optic cup 

Ihe optic grooi cs appear on 
either side of the niid Ime in the 
anterior end of the medullar\ 
phte at a time when the racdul 
hr\ plate at this end of the 
cnibrjo has been conaerted into 
a grooa e but before its closure 
to form a canal TJie pnmor 
dmm of the retina therefore 
appears a era earls in fact it 
IS alreads seen m a 2 2 mm 
embrso 

The areas of opposite sides 
are joined b\ a narrow zone ssliich later becomes the chiasma (Fip lb3 181s) 

On the closure of the metiullar) canal the optic grooses deepen and npjiear as 
hollow ssninictncal hcimsphencal outgrowths at the side of what is now (he 
fore brain I esicle The growth is affected ba cell thii->{on tJie mitoses taking 
place almost entircH on the inner nsjicct next the cn\its of the pnmnra optic 
\csicle 

Tlic caxita of the hollow outgrowth or pnmar\ optic xcsiclo wall natumllv 
commumcatc with that of the fore bram \c«icle (tig 184) \s dc\elo]»mcnt 
19 2S9 
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proceed**, the icsicle become'^ septratod from the fore brain bj a constriction, 
As pedicle or stalk, -which 13 best marked doriallj (Fig 184) The primary optic 
vesicle grows mamh lateralh with a slight inclination antenorl) and upwards 
and m the 4 mm embrjo it lias reached the surface ectoderm 

Opposite the distal end of the pnmaiy optic vesicle but separated from thi<* 
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bj a reticulum of protophsmio* fibnK there is a thickening of the surface 
ectoderm which represents the first stage ofthoile\elopment of the len** (Fig 184) 
With the conversion of this thickening first into a groove and then into the 
lens vesicle, the pnmarv optic vesicle h fir«*t (IvUened, and then as it were 
“ invnginatcd ” from its distal aspect and below 

• 1 e the cmbrj-oi <• mipiMjrting if \on Szil^ Rtniilnr timup wtII |yj seen to esist later 

betneon the lcn» an 1 1> o inner Inter of the Optio cap rihI (hero form whit is kno«-n a» the primary 
viireoui 
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Tlius the two laj eretl secondary optic vehicle or optic cup is produced 
In the mechani'jni of production of the secondary optic \esicle it used to be 



taught that the lens act unllj pushed mthedtstal uaJlofthepnmari optic vesicle, 
as one might pu«h m the nnll of a toj balloon inth one’s fist Its formation is, 
however due to the fact that the distal and lower portions of the vesicle stop 
gromng, while the margins of these areas 
continue to develop Thus the lips of the 
vesicle grow round the developing lens at the 
sides and above, but not below 

Since the apex of the vesiple, which was 
onginallj convex, stops growing, and as it is 
m contact with the lens, it first appears 
flattened and then becomes concave Thus 
the lumen of the vesicle is reduefed to a sht 
Smee growth also stops below , this area 
remains depressed, wliile its margins continue 
developing and thus is formed the fcetal, 
ocular, or choroidal cleft 

The function of the fatal cleft or fissure, 
apart from allowing theentrance of mesoderm 
into the eye, is to provide the shortest route 
bv which the nerve fibres from the ganglion 
cells can reach the optic stalk and brain 
Otherwise, with the formation of the 
secondary^ optic vesicle, they would have to travel round the edge of the cup 
[In early embryos (between 7 7 and 17 1 mm (Lindalil)), the nm of the 
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optic cup may present email accessory w>tckes Their significance i'. doubtful 
Po'^'sjblj thej are made bj \essels] 

Hence it comes about that as the lens pit is converted into a little pouch 
or sac, the ojitic cup also deeiiens and surrounds it more and more A 1«!0 the 
ojienmg of the cup is graduallj diQcrentiated into a laterally directed rounded 
portion the pnmitn e pupil, and a downwardly directed part, the choroidal cleft 


Fio 1S5 — Skction TRKOicii Tnr Eir ANprsTU.I'i'isintBor A )3 5 UH Hu>tAvEMnnio x 1S7 
(rmn rUeh I ) 

Note tbe eseT«ion oil VIh* I nner I ajot tA theoj t e e«p at itu>i>oitcnoT end ot the choroj lalflgtMT? 

(Fig 184a) Tlie choroidal cleft ot first onlv extends to the beginning 
of the optic stalk Tlirough it the mesoderm tihich Mill eventually fonn the 
hyaloid system of ic«sels enters the optic cup 

The optic cup or secondart optic vesicle is thus composed of two layers which 
are continuous with each other at the margin of the cup and at the foetal fissure 
The inner layer is much thicker than the outer, and will form the nervous portion 
of the retina, while the outer layer gives nsc to the pigment epithelium only 
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The ca\ itj of the primary optic vesicle is potciitnl only but p'lthologically can 
bo reconstituted into a real cav ity This happens in detachment of the retina 
when fluid collects betjWeon the pigment layer (vihich remains adheient to the 
choroid) and the rods and cones 

Similarly in the separation of posterior eyncchioj the posterior of the two layers 
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of tlie ectodermal part of the ins becomes separated from the anterior and remains 
adherent to the lens Tins separation re forms the antenor part of the cavity of 
the pnmary optic vesicle or ring smus of von Szily a\hich indeed may also take 
place as a semie change 
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The ocular cleft closes bj its lateral walls growing towards each other and 
eientiiallj fusing Tins fusion begins at the centre at the fifth week and extends 
forivanls and backwards 

Anteriorly a small notch remams before the fusion completes the primitive 
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pupil making it round At the postenor end of the fissure the fusion is compli 
cated bj tiie fact that tiie inner later of the cup grows more rapidly than the 
outer It thus conics about that there is a alight oersion of the inner later 
(Fig 18 j) w liicli pre% ents the pigmented later from fusmg and results in a pale 
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area beloir the disc In man,^ howe\er, this pale area ^oon becomes pigmented, 
and usiiallj no trace lo left of the fissure except at its extreme posterior end, 
« hich remains as the site of entrj of the central vessels 
jN on closure of the cleft results tn colobomata 

With the closure of the cleft the portion of the mesoderm which’has made its 
waj into the ej e through the cleft is cut off from the •surrounding me^sodenn, and 
gives rise to the hyaloid system of ves'^ls 


The Deveeopmevt of the Retina 

The pnmordium of the nervous portion of the retina is the distal wall of the 
prunarj optic i esicle, and consists at first of a smgle la j cr of cj lindrical epithel 
lum The nuclei soon divide and become arranged m several layers The mitoses 
take place at the side next the future pignietit 
layer so that the oldest cells get pushed tou'ards 
and he nearest the future vitreous (Fig 188) 

Aa the retina rapidly increases in thickness 
it become', divided mto a nuclear zone and a 
zone containing at first no nuclei — ^Ihe mar- 
ginal layer o! His (Figs 185 18G) This is 
formed ba anastomotic protoplasmic processes 
of the retinal cells and is the pnmordium of 
the supporting tissue of the retina — namely 
the neurogha 

At the time of the formation of t^e secon 
data optic vesicle the marginal lajer is tv ell 
deT eloped as are also the internal and extemal 
limiting membranes Tlie retina remains in 
this pnmitive condition until the closure of 
the optic cleft 

The Ganghon Cells and the Nerve Fibre 
Layer — The ganglion cells are formed from the 
innermost cef£s ofthe nuclear sone which mvade 
the mctrgtnal zone at about the fifth ireek (m 
embrjos of 113 to 13 mm ) Tins latter takes 
place first m the region of tlTe future macula 

The=e t oung neuroblasts have a small round nucleus and practically no 
protoplasm Later the nuclei grow larger stain less deeplj and are then easily 
distinguished from the deeper staming nuclear zone (Fig 188) 

iro <5ooner haae the ganglion cells invaded the marginal zone than the nene 
fibres grow out from them run parallel to the surface of the retina to find the 
shorte'^t Tvaa to the optic stalk and thence to the bram 
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The (hfierentiation of the retina protectls from the posterior portion of the eje 
antenorU 

U itli the formation of demlntic proces'ses from the outer aspect of the ganglion 
cells a clear non nuclear ione is produced between these and the remaining cells 
and thus is formed the beginning of the inner molecular layer I^tec ace added 
the hr inching processes of the inner horizontal and bipolar cells 

The Nuclear Layers and Outer Molecular Layers — The separation of the two 
nuclear layers also tahes place first in the central area and about the same time as 
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the formation of the inner molecular ln\cr while from the pnmitiNC nuclear zone 
a single la\cr of the outermost cells separates to form the future cones and rod* 
(Fig ISO) 

Between these cone cells and the remaining cells 13 a clear zone containing 
Muller 8 fibres onlv 

Tlio outer mdlcciriarlp’leMlorin) layer is developed about the end of the filth 
month at first b\ procesbcs of the mwldlc cell layer 

In the inner nuclear layer Mullers fibres are first developed then the bipolar 
cells, then the inner horizontal cells (nmaennes) and lastly the outer horizontal 
cells 

Probably no new retinal cells are produced ofler the sixth month Thus the 
relative size of the pars optica of the retina to the whole bulb is mucli greater in 
the embrio, where it reaches to the cornea than in the adult where it ends at 
the equator 
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The Rods and Cones — The rods and caaei are developed from a single roir of 
cells vhicli separate from the primitive nuclear zone The diplosomes irhich he 
m the outer side of these primitive cells play an important part in their develop 
ment 

The young cone cells have a small round deeply staming nucleus and a fair 
amount of protoplasm ^vhlch lies next the outer limitmg membrane Later the 
protoplasm and the diplosomes break through this, and the cone cells become 
cylindrical and more like epithebil cells Threads pa^s oiitirards from the 
diplosomes irhich, becommg surrounded by a ‘soft protoplasmic maternl, form 
the outer * portion of the cones The rods are developed m a similar uav 

The Area and Fovea Centralis — In the thml month a marked thinning is <5ecn 
in the retina of the postero lateral quadrant (Fig 186) All lajers are affected 
This, howeier, dots not co?is/i<«fe the mucitla Tlie appearance of the macular area 
IS shown bv a thickening of the gangbon cell layer at about the fifth month (fcetus 
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of 122 mm according to Seefolder) between the above area and the pipdla 

In the fifth month there is developed m the central area an additional fibre 
layer, namely the transitory layer of Chievitz, which onij disappears after birth 
Its significance has not j et been decided It is formed through the inner faon 
zontal cells (amacrmes) separating from the remamder of the mner nuclear 
lajer (Fig 101) 

The development of the fo\ea commences at the end of the sixth month by 
a thinmng of the ganglion cells, nhich mo\e awaj to leave a central shallow 
depression Tins is deepened by a thinning of the outer la\ers except of course 
the outer nuclear lajer, which remains as before one laaer thick Up to the 
time of the formation of the fovea tbe development of tbe macula precedes the 
remamder of the retina, but after this it falls behind especially inth regard to the 
neuro epithelium At birth the foveal cones ore etiU verj plump structures, and 
it is only when the child is several months old that it gets its defimtive form, 
and only then can the central area ‘«how its Eupenontj over the remainder of the 

* Some bold thAt tb« cilia which line tbe pmiuu> optic a eeicle help to fortn the outer portion of 
the rods and cones 
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retiti'i Hence also the reason for the absence of centnl fixation at birth It » 
remarkable that the fo%ev ecntrah'? w as far awat from the nerre head at its 
formation ns in the adult 

The thickening of the outer cell Ia\er m the region of the foaea arises after 
birth and re lilts from the fact as iwinted out bv Drimiilt that as the limbs of tbe 
cones get thinner thej aro more crowded together and therefore al«o their nuclei 

1 rom the fourth to the eighth month of foetal life as ai as first pointed out by 
von Ammon and confirmed Vij Treacher Colima and others the rttma may be 
thrown into folds which however disapjtear completeh 


Tut OtTtn RrmAt. (Piomfvt Epitkeliuji) 

\\ ith the invagination of the prnnarj optic vesicle the two lajers of the 



t^^condat\ optic vehicle which have at first the same epithelial structure start 
difftrentiating 

The cells of the outer lajer aro at first high cvbndrical occupj its whole thick 
ness and have theu- nuclei arranged in two or three rovre 

Pigmentation of the cells starts m embrpos of from C to 7 mm (about one 
month) The anterior jwrtion i? pigmentetl fio>t and then the process passes 
backwnrtl’i 

B> tho time the embrjo haa reached 10 mni the whole of the outer lajcr is 
pigmented 

As development proceeds tho pigment colls liccomo flatter probably because 
thej have to line a larger area 

‘ The pigment is forineil in the cell itself Probablj there is a colourless pre 
cursor of the tnelanm pigment of the nature of dio'cyphcnjl alanine (dopa) which 
IS converted to melanin hy a peroxidase ferment 

I M mchpr D t P ffn tnl Oent»e Arch rlnol 87(192 ) 
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Tiip Optic >.er\f 

The optic ner\ e 13 de\ eloped from tlio optic sialk or pedicle, which 1 % at first 
quite short Its ca^lt^ comniumcTtes on the one hand mth the fore brain 
\e8icle, and on the other ^^lth the primary optic vesicle (Fig 184) 

After the formation of the secondarj optic reside the fcotal cleft eitends for 
some distance along the optic stalk Both this and the civitj of the stalk are 
closed bj the development of the nerve fibres which grow cranialwards from the 
ganglion cells 

The cpitiicinl cells forming tho walls of the stalk develop into the glial B 58 tem 
of the nerve 

At tho third month tho ginl cells become arranged m rows parallel to the long 
axLS of tlio optic nerve and between these tho nerve fibres run 

Glial tissue also develops round tht hjaloid artorj and around the peripherj 
of the nerve Tho glnl tissue or glial mantle 'vroiind the hjaloid arter> at its 
entrance into tho vitreous forms a protruding mass Iglial cushion or Bergmeister’s 
papilla'), which not onlv clothes the arltrv 
and some of its branches, but fills tho 
physiological excavation of tlie optic nerve 
head a.s well 

With tho regression of the hyaloid 
artery this glial mantle disappears also 
Tho fibrous (mesodermal) septa of the 
optic nervo are developed from (ho nieso 
derm of the vessels winch invade (he nerve 
at the middle of the third fcctal month 
and which have the form and position of 
the future pcpta The mesodermal lamina 
enbrosa is only formed in the last foetal 
months, and then has not the strength of the 
previously exLstinK clial lamina (Seefeldcr) 

, 7 T -t f .1 'THE Ol*TIC StAXJC of A 9 MM ^^U5IA^ 

The nerv c idmaths are derived from the /Wfu 

head mesoderm and develop concurrently (Fnmi-wM) 

with the posterior part of the sclera At 

the fifth month dura arachnoid, and pia can bo distingui-^hed from each other 
Medullation of the nerve fibres takea place from the bram distally, and reaches 
* Bergmeistet s Pajiilla — As tl a opfic nerve fibres pam from the gangl oa cells to tho optic stalk 
they ha\ o to tra\ erse tho rwwa n ler of the retrna A» lh®> do thw thej cut off s cone sliapod mass 
of gl al colls at tho centre of the disc which is known as Bergmeister s primiti\e epithelial pap lla 
Tl labccotneavaacularise I by the hjaloid artery and supph>4 this veasel and its branches with their 
sheaths (Scefelder 1010 vonSzilylOil 2) Later with thad sappearanca of the hyaloid s>’sterQ the 
papilla also atrophies the amount of atrophy detecmuut g tlie depth of the physioJog cal cup 

Kemauis of tho papilla are always found w t) a gl al sheatha of the veaaeU and the glial tis ue 
which separates tho optic cup from the s itreous (the central connectiv e tiAs le meniscus of Kuhnt) 
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the lamina cribro«a jnst before birth 
The so called congcmt'>l nme 
fibres seen not infreq^iientl^ near the 
disc "vre therefore not really congeni 
tal at all since thej are inediillatecl 
after birth At six weeks the optic 
fibres iienetmte the under surface of 
the fore brrm at about seven and a 
half weeks the chtasma has been formed 
by pvrtial decussation of the fibres and 
at nine and a half nee! s the optic tract 
IS plainK present 

Tnf DEVEiorMFUT of the Lens 
Stages 

(«) Lens jiate 

(b) Lens pit 

(c) Lens pouch or sac 

(d) I^ensae&icle 

At the 4 D mm stage the surface 
ectoderm oj posito the distal part of the 
priniao opt»c vcmcIo js thickened by the 
cells assuming a high ^ cohminar form 
and their nuclei nhich shou mitotic figures ore arranged in se\eral layers 
This thickening is called the lens plate (Fig 184) A grooae 
or pit appears in tlii-s Tlie pit deepens into a pouch which 
eUwes and forms a vesicle at about four and a half vvccks 
riie lens vesicle moves an ay slightly from the surface 
ectoderm being connected to it howeaer by a protoplasmic 
reticulum the embrs omc supporting tissue of vou StiU 

l\ith the formation of the lens vesicle tl e primary optic 
se^iclois msagmated to form the optic cuji or secondary 
optic aeeide 

At this stage the optic cup is almost completely filled 
by the lens 

Tlie human lens aesicle contains some loose degenerate 
cells (see 1 ig 235) which Schnalbc bclieaes later go to 
form the tlim layer of amorphous substance beneath the 
anterior epithelium 

> Aeconlingto Rdtil (Utrrcifn /ai It mtrf < FnluKUvR? ter ISOS) 

liorelUform gthelonspluteu mammaUanh g) terpnarrovaidclos^lj 
ymcketl but atwajs arraiviml in a single tajer I k« that of b rtU a d tojvi lea Tl e appparn re on 
eect on of ferrral laj ers ■ giiiFn b; the nnclei bo ngs ttule'i at d IT rent lei^la in d fTere t cella 
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The celh of the posterior part of the vesicle become columnar and eventually 
elongate to fill the lens vesicle. These primitive lens fibres run from the frontr^ 
to the hack of the lens ; later none do. 

Tlie nuclei of the lens fibres pass anteriorly, and at the equator form a line 
convex foruards (the nuclear bow) (Fig. 180), which is continuous laterally uith 



Fio. 196. — SEcnos thboccittbe Eve or 17 msi. Hcmas Fmbsyo. x 148. 
(Frvm/'behl) 


the equatorial nuclei of the cells of the anterior epithelium which will form all 
except the first fibres. 

The new lens fibres formed from the equatorial cells are laid down concen- 
trically round the filled-in lens vesicle, and thus the lens gets its laminated 
structure. 
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As pointed out above, none of those runs from the front to the hack of the lens 
They start and finish in the lens autures mHicU are present at the beginning of 
the third montli In the infantile lens these form an anterior upright Y and a 
posterior inverted A resj«,cti\cly (see Fig IIG) 

Each fibre starts m such a way that the nearer the a\is of the lens it com- 
mences the farther aoiaj it ends (Fig J06) Tiie fibres formed later, for instance 
the superficial ones of the adult lens, start and finish in the more complicated 
stellate figures, conforming houever, to the above rule (see also p 110) 

Thel^ensCapsvile — ^Atthe 1*1 mra stage tlie lens epithelium secretes its hyaline 
capsule, uhich presents it from taking an\ further part in the deielopment of 
the vitreous 



Fja la" — Svrrfto TosTT'iMow Ret*no'< or * TIvmav SMSsao 

(rro*) VtMliT tnOf Kurt $ lltxlht X) 


Tul Copnfa 

After the formation of the lens iCMcIe mesoderm cells grou into the proto 
plasmic * fibnW'e (the so cnllwl anterior vitreous) between tbe lens and the 
surface ectoderm Tlie\ licconie arranged in a single rou parallel to the surface 
and go to form Descemet’s eiidothelinm 

Into the space between Descemets endothelium and the surface ectoderm 
there grow more mesodermal cells from the region of the edge of the optic cup 
Tliese form the substantia propria of the cornea The differentiation of these 

• lUny jrara fiRo Kflllikor (ISBIJ n>lpd that In I mU «t n ^prJ■ cjirlj pmoU a U i R(nicturelp*s 
fctodermol rnerabrene is UiJ down which afparei llj rormesi the seaff Wing on wh oli the cornea is 
built )Isgnloorn(lJ’8)Iol Isdiatsiichad reel ngiimibninet Itichlnnpihiliitchiii )eicists {n thn 
anterior Mlreous of nil x-ertebmte* Mcawlenn jfrma In firafly os tlie endotJ ehum bebin 1 this 
inrmbmne and socreln) llmcemet s membrane' an I aeeondh’ as a w edge shaped moss whi Ii forms the 
subsiAntui proprin between (he epithelium nnd the pnnui<> romen 

lM>e also Laguemie AreJi <i'AntTi tfieriu xkii Si'Cfelder ^IrtA / Augen 19 8 xcvii, 

&tatm Tnn s OphiA &« , 1031 li p 63 
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cells into the corneal fibrillas takes place from behind forwards The surface 
ectoderm forms the epithelium of the cornea 

Descemet's membrane is produced about the fourth month bj a secretion 
from the endothelial cells, n hereas Boirman’s membrane is simply a condensation 
of the anterior corneal fibnlj® (Seefelder) 

As development proceeds the cell content of the cornea diminishes Wandering 
cells appear about the fourth month 

The cornea ts Iranspareni from thejirsl as ts all early embryontc tissue 

The 

The sclera arises through a condensation of the mesoderm round the optic 
cup Tlie anterior portion is formed first — no doubt associated with the insertion 
of the eje mu«cles The limbus is at first much farther hack, lying over the 
ciliary bodv, hut graduallj shifts forwards 

Elastic fibres appear about the thud month, bke the collagenous elements, as 
an intraprotoplasmic formation 

Tenon’s Capsule is developed in the same may as the sclera, but somewhat 
later, and again the antenor portion is differentiated before the postenor. 

Tree Pupillary Membrane 

Of the me«odcrm which invades the antenor vitreous, i e the protoplasmic 
reticulum between the surface ectoderm and the lens, the antenor portion i» non- 
vascular, and, as we ha\e seen, forms the mam portion of the cornea 

The posterior portion m which vcs«els develop goes to form the indo pupdlarj 
lamina (of Jeannulatos) 

The peripheral portion of this unites with the nm of the optic cup to form the 
ins, w hile the central jKJrtion is the pupillarj membrane 

The pupiUar} membrane is thus developed m the mesoderm at tlie same 
time as, and behind, Descemet’s membrane It consists of numerous anastomos 
ing ve^^els and a fibrillary tissue between them It forms, m fact, the anterior 
part of the tunica ^ asculosa lentis, w ith the remainder of which it is contmuous 
t.W JVOT the cup As the edge cif the pupd grerrs Scenraj-ds, here 
ever, this contmuitj is broken The pupillarj membrane is nourished, as is the 
ms, bj the long posterior ciharj artenes, and is thus entirely mdependent of the 
hjaloid system and contmues to develop when the latter is regressing 

The pupillary membrane is at fir«t attached to the edge of the pupil, but later 
comes to arise from the front of the ins Tins is due to a split in the mesoderm 
between the sphmcteric portion of the ms and the pupillaij membrane After 
the eighth month the pupillarj membrane begins to disappear Eemams of it 
raaj , however, frequentlj be seen m the nciv bom babe and sometimes persist 
throughout life Thej arise from the anterior aspect of the ins in the region of 
the circulus indis minor (collarette) (<!ee p 171) 
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The ANTEMon Chasibeii 

The Antenoi Chamber commences penplierallj as a sht in the mesoderm 
betueen the cornea and iris which gradually travels centrally It is jrobable 
that this happens quite late in fostal life 

According to Cirmcione \i ho used the freezing method for making his sections 
an earlier date for the appearance of the anterior chamber is probably erroneous 
the result of artefacts due to fixation (as in Fig 186) 

At birth the anterior chamber is still \erj sliallon 

The region of the future angle is at first filled u ith loose mesodermal tissue 
(uveal fraineuork of H Virchow) which later disappears except for the portion 



(rnm CM/tUrr Ut Sunf UmMu h ) 

at the extreme jieni herj Tlie canal of Schicmm is present at three months and 
from the first carries blood corpuscles (Seefeldcr) 

Tire Uveal Tract 

The choroid cdiarj bodj and ms are partlj mesodermal partlj ectodermal 
in origin Thej are formed from the anterior portion of the optic cup and the 
mesodermal and vaeciilnr covering of the whole cup 

The mesodermal portion of the uveal tract depends for its development on 
the secondary optic vesicle csjwciallj on its pigment la^er (von HippcI) Jsomi 
allj it covers the optic cup from the papilla to the pupdlarj margin nndsliould 
am portion of the cup be missing the mesoderm does not dev elop and a coloboma 
results 
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1‘he Ikis 

The Ins is formed from the antenor portion of the optic cup x^nd the mesodenn, 
Tihich covers it The neural ectotlerm gives rise to the sphmcter and dilatator 
pupill'e and to the postenor epithelium , the mesoderm forms the stroma and 
the vessels 

Up to the end of the third month of embrjonic life there is no true ms, and the 
margm of the optic cup extends but a little uaj bejond the equator of the lens 
{Fig ISO) Tlie retinal and mesodermal portions are contmuous mth those of 
the ciliarj bodj without line of demarcation, and moreover, the mesodermal 
portion IS not delimited from the pupiUarj membrane 

The de\ elopment of the iris as such commences about the middle of the fourth 
month bj a forward groirth of the nm of the optic cup with its overlj mg meso 
derm It is preceded bj a spur hke process of mesoderm (Fuchs), to which is 
attached the pupiHnra membrane 

The ms thus becomes more or less differentiated from the ciliarj bodj and 
pupillary membrane 

At tins period a space, the rtng emus of ton Sztly, is present between the two 
laj ers of ectoderm forming the nm of the optic cup It represents the last trace 
ofthccaaitj ofthepnmart optic vesicle and disappears about the seventh month 
The sphincter pupiUaj i» developed at tins period from the pigment epithelium 
of the nra of the optic cup 2l ti thus cunous, as ^vssbautn first pointed out, tn 
bttn^ a rnuseh dertied from ectoderm It becomes limited lateraDy by a ndg© of 
pigment knoirn as Jlichcl’s spur 

At about the sixth month the sphmcter Jiegms to sejjarate from the cella that 
gave it origin, passes into tho mesodemiaJ portion of the ms and is invaded 
b^ vessels Numerous connections with the pigment epithelium however, 
always persist, and ^Iichel’s spur rcpre'M?nt8 the most lateral of the^e Pigment 
cells, derived from the anterior portion of the optic cup jiass through the sphmcter 
and into the iris stroma to form the clump cells (Fig 19) 

The dilatator pupill® is also derived from the same ectodermal cells at the end 
of the sixth month 

^Miereas a whole cell of the antenor lajer goes to form a muscle fibre of the 
sphincter pupillae, onlv part of it forms a fibre of the dilatator 

The antenor epithelium alreadj contains pigment when the ms commences 
to form Pigmentation of the postenor epithelium commences at the pupdlarj 
margin, and reaches its base at about the sixth month 

The ms develops m width more slowly than the rest of the eve, so the pupil 
gets wader up to the begmmng of the seventh month At fiv e months the ins is 
hidden hy the limbus and resembles the condition of amndia 

After the eighth month the pupU becomes Bmaller, due to the development 
of the sphmctenc portion of the ins With the disappearance of the pupillary 
20 
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membrane changes take place m the front of the iris «jth the formation of iris 
crj pts At about tlus time the uHtertor botdtr or himftng latjtr can be recognised 
It 18 formed bv scaeral rows of star thaped cells which anastomose with each 
other and which maj at times contain pigment cells at birth 

The pigmentation of the stroma usuallv takes place jn the first jears after 
birth and appears to be under the control of the sympathetic sjsteni Also the 
pattern of the anterior surface of the ms is produced during the first jear and 
generalij the iris is not full} formed till twche months after birth 


The Ciliary Body 

The neural ectoderm forms the epithehiim of the pars ciliaris retinal while 
the mesoderm is responsible for the stroma the ciUarj muscle and the y easels 

The ciliarj hod} la demarcated from the true retina b} the formation of tl e 
cihat} folds at the beginning of the third month Vessels sink into these folds 
and form vrhat is for the most part a yonous net \t the sixth month the ciliary 
arteries hayo formed the circulus indw major and given off bniiches to the 
1 upillar} membrane the stroma of the u-is and the ciliar} region 

During foetal life the most anterior of the ciliary folds lie behind the peripheral 
portion of the ins and then gradually move backwards 

The longitudinal portion of the ciliary muscle is formed from the mesoderm 
next the sclera at the fourth month while the circular ]K>rtion develojs at the end 
of the sixth month 

\t first only the corona cihans la present The pars plana la formed at the 
fifth month by tliclimitofthotrue retina i e ofthepars oj tica moying backwards 
tow arils the equator By this too the original small teeth of the ora serrata are 
lengthened 

The CnoRoiD 

The pnmitno choroid is developed m the mesoderm round the primary 
optic vesicle winch it clotlies as a vascular venous net It is thus a very early 
formation (hig I8G) It gradually divides into two and then more layers of 
\ cs?els 

By the fifth month all the layers of the choroid can bo recognised 

By file sixfli monfJi fho elastic lamina is present 

The time of pigmentation of the choroid vanes Tlie pigment i-s dcvcioj ed in 
the mclanoblasts or fixed cells of the choroid somewhere towards the end of 
fcctal life and first m the neighbourhood of the posterior ciliary arteries 


riio final anatomical rclatiorishii» between the three coats of the eye are 
determined h\ function rather than bj embryonic origin 

Thus the cornco sclera and the ureal tract denied from the same mass of 
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mesoderm are separated from each other in the adult eye antenorlj by the 
anterior chamber and po«tenorl v tho supmchoroidal space 

The\ "vre only attached \\liere the cJiarv mu c]e arises from tlie scleral spur 
and at the optic nerve 

On the other hand the u\ eal tract is closely connected mth the inner coat 
Thus the pigment H\er of the retina derived from the outer layer of the optic 
cup rarely separates in the h\ mg from the choroid and ne\er from the ciliary body 


Fig 19D — Sectiov or tiic Joi>En Lids of a> Embryo of 14 cm / 4i> 

Thus also the anterior layer of the pars iridica retime is insejiarablj connected 
ivith the iris as are also the sphincter and dJatvtor pupillffi which are derived 
from it 

The Lids 

The lids are de\ eloped at the beginning of the second month as two folds of 
surface ectoderm which grow touar^ each other from abo\e and below the eye 
respectively 

They meet and umte loosely at two and a half months (Figs 18G 109) union 
tahing place from the edge towards the middle 4.t about the fifth month 
they separate again through keratmisation of the cells of the united edges 

Moll’s, Zeis’s, and the Meibomian Glands are developed about the end of the 
tenth week bv the ingrowth of solid coluiims of ectodermal cells from the lid 
laargins The«e later acquire a lumen 
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The Tarsus forme<l as a comlen«ntion of the mesoderm of the lids 
The fir<t Ivairs of tho e>cllTO\^8 make theic aj\iw;arvuce ^\hcn the Udt. \m\te 
Thc^ arc the firht hairs of the embryo (Contmo) 

The cilia apjiear a httlo later first m the upper lid and then in the lower 
The Lacnmal Gland is developed b\ epithelnl InuU which grow towards the 
end of the second montli from tlie upper and temporal side of tlie conjunctival 
sac (I ig 200) and repeatedly divide With the development of the levator and 
Tenon s capsule the gland is dmdwl into orbital and paljiebral portions 

Krvusc s glands are developed aa growths of the basal cells of the upper cow 
junctival forniv and to a slight evtent from the lower fornix 

The Lacnmal Ducts — ^Thc pnmordium of the tear ducts lies m a solid column 
of cells which derived from the surface ccto<leiin sml»5 into the furrow between 



the lateral na.sal and iiiaMllarv proces^cs Ihis grows upwards into the lids to 
form the canalicuh and downwards into the novo Tlie lower canaliculus grows 
farther latenvUv th vt\ the upper Hence the lower punctum la lateral to the upjer 
Frrors in deielopmeitl such o-s muUipUcatioit of the canalicuh or puncla avd 
nbnonnni tbrerlicido QriJ*c from abnormal ditmoa or oulgroiciJs of Ike pnmiltre 
soil I eohunn of cells 

CuiaheiilLsation oT the solid columns of celts talces place 1»> a degeneration 
and shedding of the central cclb (Fig 201) first m the region of the lacrimal sac 
Tlie debris of these cells nmv cause bloc] ing of the nasal duct an I gne rise to a 
inucocele not uneominon t« lie first fai ueels of life 

The Conjunctiva is devclojied from the ectoderm lining the lids and that 
covering the globe (I igs IhO 20<J) 

The Lacnmal Caruncle — According to Ask the caruncle is dev clojicd bj the 
cutting off of a jMiTtion of the lower Iwl bj the ingrowth of the lower eanahcuhis 
The Semilunar Fold dev cIojm from the conjunct iv a at about fiv o and half w ceks 
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The VmiEOi7s 

Tl)e dereJopment of the \jtreoiis * has been the source of a great deal of dis- 
pute Some hold that it is purely me<»odcmial, others that it is ectodermal in 
origin It IS prohablj den^ cd from both 

IVe niaj diMde the development of the vitreous mto three stages 

(a) The primary vitreous 

(b) Tlie secoiidarj vitreous 

(c) Tlie tertiary vitreous 

The Primary Vitreous — Between the lens and the inner laj er of the optic cup 
there are fine protoplasmic filaments (embryonal supporting tissue of \on Szdy) 
derived from both the surface ectoderm of the lens and the neural ectoderm of 
the optic cup 

The'«e are invaded by mesodermal cells and by the hyaloid system of vessels 
denved also from the mesodenn 

The Secondary Vitreous. — At the 13 mm stage the lens epUheUum secretes its 
hjalme capsule, and from this period takes no more part m the development of 
the vitreous The glial fibres of JIulJer at tins stage do not end at the internal 
limitmg membrane, hut arc continued bevond this to form the secondary vitreous 

At the same time the hyaloid system of vessels is developmg, and when these 
regress, the primary (vascular) vitreous is pushe<l by the secondary avascular 
vitreous into the centre of the eye and into the region behind the lens A line 
of condensation forms between the primary and secondary vitreous, and this 
constitutes the wall of Cloquet’s canal and the “anterior part of the hyalcud 
membrane ” 

Tertiary Vitreous. — After the tim'd month the ectodermal part of the cihary 
body and ms also secretes aitreous fibrils, some of which go to form the suspensory 
ligament of the lens and the so-called “ lateral portion of the antenor part of the 
hyaloid membrane " It will thus be seen that the mam part of the adult vitreous 
IS denved from the neural ectoderm of the inner layer of the optic cup Tliat 
portion liehmd the lens and surroundmg Ooquet’s canal is denved from the lens 
ectoderm and from the mesoderm 

Postnatal Denelopment of the Vitreous 

At birth Cloquet’s canal extends horizontally backwards from a point a little 
below and to the nasal side of the postenor pole of the lens 

Tlie extreme antenor end of the mam trunk of the hyaloid artery extends 
horizontally backwards from the lens capsule along the first part of the canal 
After buth the remams of the artery curl up like a corkscrew and hang down 
behmd the lens The walls of Cloquet’s canal become very lax and hang doim, 
moving wnth the moaement of the eje and head (Mann) , its attachment to the 
back of the ey e probably remains as the arcuate line 

‘ Se« ilann 1927-28 , also, Jlawas and Magitot, 1912 , and Redalob 1932 
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Tirr HYAiiOiD System op Vesseis 

At the stage of the seconilarj oirtic aesiclo two sets of vessels can he made 
out one inside tlie ^ csicle, the other on its surface 

(«) The lijaloid a^ter^ , a branch of tlio ophthalmic, enters the \csicle Ma the 
fcetal cleft, and drains anteriorly into tho annular vessel It also anastomoses 
Mith tlie \csbels of the optic stalk 



Fto 201 — To 6UOW TUP Fornutw». op Tj«e Lusux ts the L^cwiiAi. Canaucci.\.s of k rorcLs 
OP ABOtT FjfltT MoNTlia 

Ttio clpbrm of tlie (iiitnil oclli) may at limcn caum (ho mufoccle not iinmmmi ti in tli« Hrst irceks 
or IlTo Around arc Hbroa of Mio orbiculans 

(0) A second set ramifies on the surface of the secondary optic vesicle and u ill 
e\cntimll\ form tlie choroid {qv) The most anterior p trt of tins plexus forms 
the innul ir \ csscl round the rim of the cup 

I’uchs called jt the aiiHiihir arferp, but although it is iniiiossjUle at this stage 
to difft rtntiato arteries and acins stmctiimlly, it is most probablj a \em since 
the hyaloid arterv drams into it 

Tlio circulus irichs major h later developed in tho same position as the annular 
vessel hnt is not dcnveil from it 

Tho hv aloid artery di\ idea n.peat<*dU , and gradually forms a nctuockof a csscls 
coionng the back of tho lens (the tunic i a asculo-a Jcntis) Other branches of tho 



THE HEnSEOPMENT OF THE EYE 


311 


artery pnictieally fill the vitroom chamlicr nt this stage and reach their greatest 
(levclopnJent at the middle of the third month (\'nsa hyaloidea propria) (Fig. 1 SR). 

The hj'aloid artery at first emerges from the middle of the nerve head 
(Figs. 202, 203, 204), hut later is shiftctl more and more to the nasal side. It 
at the same time liccomcs smaller and smaller. ^^hiIe the arteria centralis grows 
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larger. Eventually the hyaloid artery appears to be a t^ng arising from the 
central retinal arteiy. 

Tlie hyaloid system of vessels disapjtears first at the peripheral parts of tfie 
vitreous (about the fifth month), and concurrently \vith this the point of division 
of the main hyaloid artery shifts farther forwards and its attachment to the lens 
farther medial. 

Tlio venous return of the w hole sj^em is via the capsulo-pupillary membrane, 
nbich covers the lens from its equator to the edge of the pupil. 
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Tire Blood-supply of the Ophc Neuvt: and Retina 
At first the optic nerve and retina have no vessels, as tlie bj'aloid system 
supplies the developing lens and the vitreous only. At two and a halfmontlis with 
the invasion of the septal lessels a plexus of veins forms round the hyaloid 
artery while it is still in the optic nerve In this, two vessels can be distinguished 
early, and these unite near the nerve head to form the vena centralis retina?. 
After this, at about tliree and a half months, the retinal arteries are developed 
as two buds from the hjaloid arterj’ winch grow into the nerve fibre layer of 
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the retina and later become cnnalicnli'-eil. Similar buds form the retinal \eins 

The icssels gradually grow out towards the ora serrata, and at the eighth 
month the vascular arrangements of the retuia arc complete. 

That jiortion of the hyaloid arterj’ enclo'-eil in the optic nerve becomes the 
artcria centralis. 

The Orbit 

llie orbit ia fonuetl in the mcMMlerm around the eye. This mesodenn is, 
however, derived from several sources 

J Above, from the mesoderina! capsule of the fore-bram 

2. Below and laterally, from the numllaiy' process. 

3. Jlctlially, from the fronto-nasal process , and 

4. Behinil, from the pro- and orhitu-sphenoids. 
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Tlie optic xp'iicle at first lies at the side of tbo head betiieen the Lead fold and 
the nnxilhr\ process the mi'tilhn process grotrs forwards and forms the 
floor and htcral w ill of the orbit the e\c passes fonrards too The fronto nasal 
process diiidcs into two lateral and two medial nasal processes 

Each lateral nasal process goes to form the inner wall of the orbit (mcludmg 
the fronto nasal process the lacrimal and ethmoid bones) of its side and even 
tualU unites with the inavillar^ process 

The roof of the orbit is formed from the capsule of the fore brain 
Tlie optic ner^e passes into the e\c between the two roots of the orbito 
sphenoid which arc attached to the orljito nasal septum 

All the bones of the orbit (including the great wmg of the sphenoid) are mem 
brane bones but the pre and orbito sphenoids belonging to the base of the 
cranium are dcaclopcd in cartilage 

As it IS formed round the ea e the orbit is at first much more of a sphere than 
in the adult, and nI«o the orbital opening is more circular 

Tlio cyo at first grmvs faster than the orbit who'e margin at six months only 
reaches to the equator 

TitF E\Tftrv«ic Mcscles 

The extrinsic tnu«cles of the c\e arc developetl b\ a condensation of the me o 
derm round the e\e \t first (at 7 mm ) they form one mass yvhich Lewis (1010) 
found yvas viippLcd the 3rd nerie only Later (at 0 mm ) when the 4th and 
6th nerves enter this mass divides into separate muscles The levator does not 
separate from the superior rectus till the 55 mm stage 

According to Seefelder the muscles grow from behind forwards, which 
accounts for the numerous aariations m their insertions and constancj of 
origin 

ScsijfAiii or THE OmaiN or the Iariocs Tissces of the Eie (from 'Maa'n (IS’S)) 
Soiiace Ectoderm gi\es n c to 
Lons 

Epit) e!mm of cornea 

Epithelium of conjunctiva (and liCTice) lacnmal gland 

Epithelium of Ills onl its denvatnes and cilia the Aleibomian glands and the 
glands of Moll and Zpw 
Zpithehum hnuig Jacrimal apparatus 
Neural Ectoderm gn m rj«e to 

Retina with its pigment epithelium 
Epithelium covering eiliarj processes. 

Pigment epithelium covering postenor surface of ins 

Sphincter and dilatator pupilla. muscles 

Tlie optic nerve {neuroglial and nervous elements onlj) 

Adhesions between Sorface and Neural Ectoderm give nse to 
^ itreous 

Sttspensorj ligament of lens. 
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Associated P&taxial filesodena gii.o<! ns« to 

Tht blootl i e the choroid, the artrria cciitrali'9 retina, ciharj %ess{'U and 

other \es.<eU o! the orbit which jicrsist, aa well as the lijaloitl artery, the \a»n 
h} aloiil propria, and the \'e-v«el3 of tlic tascular capsule of the lens which (It^appeAr 
before birth 
Ttie sclerotic 

The shtath of the optic nerve 
Tlie ciliar> muscle 

Tile substantia propria of tlie cornea, arwl tiic cndothchiiin of its posterior surface 

The stroma of the ins 

The extrinsic miwclea of the v je 

Tiio fat, ligaments and other connective tissue structures m the orhit 
Tlie iipiier and inner walls of the orbit 
Tlie connective tis.sno of the upper lid 
Visceral (Mesoderm of Maxillary Process) below the eye gives rise to 

The lower anil outer walla of the orbit The stmeturM Ijing behind and below the 
e^e (i 0 the aliaphenoid, malar and orbital plate of superior maxilla) 

The connective tvssues of the low r hd 

A list of age length, rolattonsbipe * at representative stages ts added for 
reference (crown rump length m mm ) 

4 weeks (SS doj'*) 7 S mm II weeks <77 days) 093mm 

5 (1> 1 12 3 12 (84 ) 70 a 

b (13 ) I7rt IS 1300 

7 (49 ) 24 0 24 190 0 

S (50 ) JI1 10 JjOO 

0 (61 > 00 <V 30 310 0 

ID fO ) 490 1J 3100 

TitL E\l tT BniTii 

The cj 0 at birth is loss of a splicro than in the adult This is due to the bulge 
of til© postero lateral qindraut 

Its antero posterior diameter varies from 12 1 to I j 8 mm , and tho vortical 
diameter from 14 5 to 17 mm To oflMJt the companitivo shortness of the e^e 
which would make it exceedingly hypermetropic, tho media are more highly 
refnvctivo than in the ndidt, tlw seat of the of rcfmctivjty being m the 

leiLs (ruclis *) 

Tht comm is relatively large, its diameter (10 mm ) being three fiftlis th it of 
tlio antero ixistcrmr axis 

It H more curved at tho periphery than at its centre, lo in'll tho opposite 
of the eonditioii m the adult (Mcrktl and Oir) 

The intcnnl rectus h ver> clows to the tonici 
Tlie corned stroma contains more nuclei than tn the adult 
'Ihc stroma of tin uveal tract has* no pigment except jKissibly posteriorly near 
tlio optic nerve 
‘VromMaiin l»2'l 

> VVoMH Iinwevir giM« tlw fullowiig inf<a«urf>nw<iU for th9 niitfni poilonor icrtieal, and 
tmiuvirso duiinnU^ volj, ID4 154 16|nn> 
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Tlie pjprmiitntion of the fiijterior bortler I'l^er of the im commences in the 
fir-t ftv\ iliN'' of lift 

J hr jniptl i'* ‘‘mall nml iUks not dilate fulK 
^ h( niitfnor j"* slnltou and it>« angle }s narrow 

Thcli^tmnilum pecttualtfm h ^tlll KoniCKhnt foLtal in clnncter i e it still fills 
tiie angle to a large extent 

Ihr riluinj proctiff^ are utill in contact with the in** 

Tlic*-tn>nm of the cilnra lK)d\ isxer\ cclhdar hut the \arious t^jics of muscle 
can lie recopm«ed 

llie ndgi'' of the etliar\ procesH'* an n** ilark as (he vallets between 
them 

The nuirnln is ns far fmm the di^c as in the adult \ depre^^sion m it j-> just 
ii-jhle Tilt cones are still ^h<)rt andsttinipi 

The teeth of the orn eermta are jii«t \tsiti|c (llcss} and the retina passes much 
more gradualU into the pars cihans The two nucUar Inters fuse and arc con 
Imucd into the cihart cpithihum 

\ fold of the retina at the oni ‘orrita h often found (I-ango « fold) hut thi? 
mti't Iks nganled ns an nrtefatt 

The orL\eulut nltort^ is \cn short m that the retina lies just helimd the 
cihar\ mn-clc 

The vertr fhree iKhiml the Inmiiin enhrosn are still not mediillnted 
The lent is rounder than m (ho adult and on account of its anterior bulging 
the anterior chainlicr is finllow 

Postnatal flnowTii \nd Ciianofs is tiiv Lxfrall 
T lie CIO grows rapidli in the first lears of life the \crtical diameter growing 
fa ter so tint tin i.\e Iwcomcs more nearh Kjihcncal Tlie rate then 
decreases till jmlierta when it npam l>ccomes more rapid till the earlj 
twenties (Mei-s) 

Tliere i a distinct panlkl Ijctiiecn the- growth of thcejennd that of thebram 
Tims from hirth to adult life the cw grows { 2 > times nml the brain 3 70 The 
ivwJ? <7it the <}iher httrtii iefcv<ei7*e« 2} tS itme"’ 

Tlie increase in Pirc during the first xcars of life affects mainly the 
anterior ^egmcnt i e the cornea and the pclcra up to the insertions of the 
muscles 

Ihus the cornea reaches adult size at alwiit taco aears or earlier 
Tlie later growth afTccts mainly the jmstcrior Fegment, but the distance 
Iwtwcen the foaca and optic nerae remains the same ns at birth 

Medul) it ion of the optic neraeis completed in the first three weeks after birth, 
and seems to lie hastened ba exposure to light Thus a jireiuaturo babj wall 
have its medullation farther adaanced b\ the time it reaches the nine months 
than a ncwlj born full term child 
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Iho foAca IS not properij de\elopcd till one month after birth 
There is little difference between the cilian and pupillary zone« of the ms at 
birth Tins can bo made out at about six months 

The colour of the jria changes m tho first few jevrs of life depentlmg on the 
amount of stroma pigment laid down 

The Cihary Body — As the retina rcce<les so there is an increase m the 
size of the pars plana The line of demarcation between the retina and cilnrj 
bo<lv w well marked hut does not reach adult relationships till aliout seaen 
jears 

\s the ciliary processes are tli«iplace(l backwards the angle of tlie anterior 
chamber mdens to niliilt size between two and four jears 



There w no muscle of Mlillcr at birth (ruchs) It is onl\ after the fifth jear 
that the cihnrj muscle and thus the whole cdiatj bodj talcs on a triangular 
fonii 

The lens grows rapidh in tho first \eora of life and becomes flatter owing to 
being pulled on In the eiermdemng circle formed b\ the ciliary bodj The 
lens continues growing tlirouglioiit life (p III) 

'Ihe eje of tbc new born child is nonnaUj hypermetropic The iiicren‘-e in 
axial length would howoacr, render it mjopic were it not for this flattening of 
tVrtrVwv 

The ei es get farther apart and tho orbits enlarge espcciallj antenorlj so that 
their teniiKiral borders are more wideR separated As the e\es separate they 
al*‘0 tend to dnerge since the separation makes the external rectus act to 
greater and the internal rectus to ksa adaantage than before ftuebs) 


SfCNS OF Aor IN Tilt Fiebali. 

llic cornea flattens with age, but nton m the aertical than m the horizontal 
mcriflinn Tins gucs ri«o to an astigmatism ngam«t the rule Jlence the onset 
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of astigmatism against the rule tn enimetropes after about forty years may be regarded 
as normal, and, farther, for the same reason, astigmatism itith the rule (ends to 
lessen and that against the rule tends to increase uith age 

The arcus senxlis is a m'lnifestation of the fatt\ degeneration iihich tends to 
take place iiith age throughout the fibrous tunic of the eye 

It starts above and below as two grej crescents, close to and parallel with the 
corneal margin The crescents eventually fuse and become whiter and more 
opaque The ring so formed is thicker above than below There is alwajs a 
portion of clear cornea betw een it and the limbus It is sharply defined peri- 
pherally, but fades more gradually into clear cornea centrallj 

The fatty degeneration affects first the superficial Ia\ers of the stroma and 
Bowman’s membrane Penpherall} it is hnuted bj a line passing from the end 
of Bow'man’s membrane obliquely outwards for a varying distance mto the 
sclera 

The sclera becomes thicker and more rigid There is a tendency for the 
deposition of fat, which changes the colour from white to yellowish 

ill the meal tract there is a great increase in the amount of connective tissue 
The ciliarj body, therefore, thickens and the circuralental space is diminished. 
Senile mj osis and rigiditj of the sphincter pupiUje are also due to increase in the 
amount of connectiv e tissue in its neighbourhood 

The various gla«8 like membranes become thicker, and there is a great ten- 
dency to w art formation ^een specially at the jienpherj of De^cemet’s and m the 
hyaloid membrane (membrane of Bruch) 

The warts on the hyaloid membrane are secreted bj the pigment epithelium 
which covers them, but thins over the summits of the elevations The> , there- 
fore, appear with the ophthalmoscope as jeliowish white spots surrounded 
by a narrow pigmented border The spots m Tay’s choroiditis are of this 
nature 

The pigment epithelium tends to shovr areas of atrophy, especially round 
the disc 
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COMPAKAHVE AXATO-MY 

to the st^olos does not - ^ ~ 

tonanls the hght (P““‘'' „f ddorophtU, the h-emogloh.n 
tp:zl presence of hght h„, ,re do not pos.n.ate an organ of 

Vision. 
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1 , inriittom) the nnimnl u«uall\ re-icts as a 

In the umcelluhr animah (am ^,3 Ja«l= n^^-aJ from a beam of light 

nhole m its response to light t ms biiTsana, which contains nlgx. 

thron-non it On the other han • ^ symbiotic chloroph>ll-con. 

saims towards the light which is * jjut e”\en m the protozoa there 

taming partners to bmhl np sure ,i,c anterior portion of 

ina> be some specialisation thus t fe „,,nc to hght than the posterior 

flaffleHarindis, an infusorian, IS mu „ ,,.,(,t " tvhich at first he thought 

In this anterior portion he deseri <> „,„.,t,to to 

Mas the most primitne cae isnl protnzoon, the anterior end also 

'.fe'U'e^IU itXT f-on - ^ ^ 

and geeks a shad\ comer 
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In tlie nmlticolhilar tinimals (metazoa) there is further specialisation In tlic 
earthttorm, for nistante there are epecinhsed cells first described by Hesse 

in l89o and since found m inanj other animals Each cell is shorter and w ider 
thin the other epithelial celN among mIiicIi it is placed , al«o, the protoplasm is 



clearer and contains a acuolcs at its proximal end it is continued into a filament 
probablj a ncrie fibril (see also p 327) 

Earthuonns are 6en«itue to bright light and crani ana> from it Tliey 
come out of thoir burron s before tlawni to fceil but at break of da> , they return 
Tho return to the burrow is simply an e\ 
prcssioii of negative pliototropism 

In liaising up tbe auimaV scale, avo find 
that to arrive at true vision we pass through 
three stages 

(n) Pbototropism — ^Thennimalosawhole 
mores either towards or away from the 
source of light (positive or negative photo- 
tropism), as we saw m the Paramcecium 
bursaria ond nniceba 

(6) Sensation. — Here the animal receives 
the light stimulus b^ a gjiecial niccbanism, 
but tloes not recognise it as light As an 
example of this, we saw how the earthworm 
avoids sunlight Also the tuhoworm rapidlj 
wnthdraus its featherj tentacles (each of 
which Ls j>os5c«se(l of an ‘ eje ’ ) when the light falling on it is shaded This 
shading reaction ” (an expression of negative pbototropi'-m) js present in many 
sluggish and sessile shore creatures It w obv louslj protective A fwh in search 
of fooil casts a tell tale shadow This shaiiow will cause barnacles to close, 


A B 

CUTICVE 



• tJlCX’ffTJIM 


A = on trana^cnio teclion 
O = on lioniontnl *oction 

{rrmx BHUrMI tfur lltut ) 



\ The epithelial eye 
oi mvertehrates developed 
from the skin 
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10 contracl op into ^eW-ous Uobs_ wl 
mtlidiw their soft protruding pp urchin to hnstle up its spines 

Tta "tht'stafnfreal™i'''en:W=s the mvertehrote to hide or nrni itself nt 

=■ "j:: “'S,r:T;S ;xr 

.. -s "■»• “ " “ ”• ~ 

of the ^\ord 

ttt:. T«r» Rio GbODTS of ^ ISUAIi OnoA^s 
Cl.^.ssifigation of the Two 
■ Simple eve 

1 Single epithelial cell 

2 A collection of cpithelnl cells 
(«) Flat 
(6) Cup shTped 

(c) ^cslcuh^ 

, dtveJ^^'tm Uie centrnl nertous system 

B The cerebral eye o! vertebrates pm 

A The most rudimentary cae is 

the visual cell This ns ve have seen 
c an epithehnl cell but shghtly differen 
Hated and m ell seen in ii ornis 

In the next stage wo find a mantle ot 
pigment associated anth the cell Ug 
210) Tlie pigment is there to absorb the 
light and to comert it into heat ami 
possible other forms of energy n am 

phioxiis these visual cells lie deep nev 
the medullary canal (Tig 210) 
fiirHicr stage is seen in the yvornl 
SI jJtiria hcmina in iiliicli a number 

thesecellshayehecomegroiiliedtogctlier 

(Iig 211) biich a nidimcntarj eye 
yThethcr consisliiig of one or more cells 
IS called an ocellus (= litlle eye) 

(21.) Cnp shapedEyes-lnlhe etlie 
yosual cells of the surface C) ilhehiim 
hay 0 sunk in so as to line a fo sa er cup 
Tims yio liayc a greater crowding t 
gether of yi ml elements and a lictter 
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orientation of the incident light Thej Iia\e "c say lu certain cases of 
cataract) fair projection (yew» n dtreciton) 

TIie<!e eyes, although superior to the flat eyesi and although they ha^ e arm ed 
at a certain degree of differentiation, consist almost exclusively of visual cells 
They form a simple depression, open widely on the smface (Fig J12) A further 
advance is seen vihere the opening is more or less closed, the “eyes ” then 
opening on the surface by a smnB hole or “pupil” only (Fig 21o) Tliese 
latter are formed on the principle of the pm hole camera — i e a dark chamber 
Mitb a fcinaU hole leading into it 

A further stage is seen v. here, ivjiart from the visual cells, a kind of lens formed 
by the cuticle is jire^ent and between the len^ and the retina a kind of vitreoiw 



substance Thi« ls formed by secretory cell'^ placed among the usual cells 
(Fig >17) 

Cup shaped eyes are seen jn the arthrojioils and molluscs 
(2c) Vesicular Byes. — ^This is a further stigc in development Here, the 
opening in the deprc'-siou is closed so that the ®ye forms a vesicle, u hicli sinks in 
from the surface and becomes covered over by surface epithelium (Figs 21b, 21 'i) 
Such cics arc seen m the ocelli of spiders and scorpions and in ccplnlopods, 
viluch have the most differentialeil mvertehrote eye Nautilus, a cephalopod, 
lioutver still has a simple cup shaped eye which opens on the surface (Fig 216) 
Jn the cephalopoih (Fig 221) the eye is partially contained in a cartilaginous 
orbit The proximal (deey>est) part of the vesicle forms the retin i, the distal part is 

tcsjxmsible for the posterior ywtion of the Icn^ ^he surface ct todtnn becomes 
thickened to form the anterior ywrtionof the kns (which joins the posterior part) 
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and IS so folded that it forms a kmd of ms pupil cornea and anterior chamber 
nJucJi IS ojien at one point to the aurroiinding fluid in «hich the animal lives 
The inc'oderm between the optic vesicle and the ectoderm forms two laminae 
of cartilage (equatornl and iridic) and outside these is formed the silven raera 
branc or tunic nhich passes forwards to the pupil Cilnrj and uidic muscles 
are also found, so that accommmKtion and pupilhrr movements are present 
The Compound or Faceted Eye is found m the arthropods, especnllj in the 



Pu -14 — Thf Evb or tub Svati; IIaiiotis 
I n o oj>e 1 ng w much narrower than in Fig 21 ’ ) 

(/>pni lleut ) 

crustaceans and m«!ect8 It is formed by the union of a number of modified ocelli 
Each ocelus which goes to form such an eje is called an onimatidmm (resem 
blmg an eye) The number of ommatidia vanes from one to many thousands 
An ommatidmm usually consists of the following the dioptric apparatus is 
formed by a comeal facet and a lens cone Behmd this are the retuial elements, 
usually four to eight to each comeal facet forming a single unit, from which a 
single nerve fibre passes to a collection of nerve cells the optic ganglion 
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It IS llic fact lint in llic omrnatidiiim a number of retinal elements are stnic 
turallj and fnnctionalU united to fom a single unit, Iht rehmile, ulnch dis 
tmgiiishcs it from the orduiarj oceUus 

The u liolc e^e ustnlh forms a i>ortion of a sphere and on section is fun shaped 


FROHT 



Fio — Tnr tvs or N*vnti8 a Fjc 210 — ^Tiie Tit or the CARNivosoos Wpiuc, 

CrPRALOrOU \gSei9 HTlTRirEllA 

imrn saufkti.) {tum tluckll tflrt llrtif) 


The siirfftco, uhich is formed b> the comeal facets united together, appears 
smooth to the naloid eye, Imt under the loupe or microscope it forms a mosaic 
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Tlie facets are hexagonal in the insects, quadrilateral in crustaceans, and conxex 
m hiitterflics 


B The Vertebrate or Cerebral Eye — ^Unlike that of the iiu ertebrate, t ho i erto 
brnteeie IS remarkable for thoiiniformita ofitsdoielopment and genera! structure 
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Generally speaking, the cerebral eye consists of a retina, a dark chamber, 
and a dioptric apparatus 

There are, however, exceptions, snob, for instance, as m the cyclostomes, 
Protexts axxguineus, amphioxns, ascidia, the mole, and others. 

In the cyclostomes generally the eye is a simple vesicle under the skin ; only 
in the adult laniprej’ is it more developed, and one finds traces of a lens, cornea, 



Fig 218 — Thb Eye or the Heux eohatu (completely ciit off from the 

surface). 

trrm Dent ) 

The visual cells liai e cilia Tlie space between the lena and retina is filled with secretion. 

and iris. In the larva of this animal the lens is still a vesicle. The myxinoids 
have no lens. 

Tlie Proteid® or amphibian urodelcs ate cave-dwellers In them the eye is 
also a simple vesicle under the skm and does not contain a differentiated re- 
fractmg apparatus. The eye has no orbital cavity (Configliachi and Eusconi), and 
IS practically hidden in the niasseter muscles. It is very rudimentary, about 
0*5 mm m diameter, and seen with difficulty as a dark shadow under the skm. 

In the mole the eye is more differentiated, but is still very small, being about 
2 mm m diameter. It is practically covered by the skin, m which there is alw a 5 ' 8 , 
however, a small hole (Ciaccio). This varies from (>*125 to 0*075 mm. in the 
seeing mole (Talpa Exiropa), to 0-50 to 0*20 in the blind mole {Talpa cceca). 


3JC AXVrOMY or the E\E AM) orbit 



Flo 210— StitruT or Tin Ctosso VtsicuiAit Ocelus or the hriortt, Su. 

Fm or A OACTumonB Mou.r*'. Ticts 

(FnnBuirm) IFrnnBbtftfJi e/Ur Ofmaetirr) 


At nnj rnto in the latter ty])o the hole is too small for M«jon, and as was 
already realised bj Dante, the mole sees through its shin 



Then there is the Lancelel {atnphionn) liclonginp to the acraniato fishes, 
which really lies Iietwecri the inaerlcbratcs and vertebrates Its “ejes ’ arc 
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unicellular ocelli, which are placed next the medullary canal (Figs 209 and 210) 
and thus far from the surface The bght can reach the eyes because the 
ammal is small and transparent 

The “ eyes ” of amphioxus, too are said to he between the invertebrate and 
vertebrate ty pes Here the eyes ha\e sunk into the depths, but have not groivn 
hack to the surface as do the cerebral eyes 

In the lana of a'scidia also, a rudimentary eye is attached to the medullary 
canal 

Thus in the genesis of the \ertebrate eye there are three stages 
(o) Development of the eye from the surface ectoderm (epithelial eye of 
invertebrates) 

(6) The eye sinks in to lie next the medullary canal (amphiosus, Iar\a of 
ascidia (sea squirt)) 

(c) The eye grows out again to the surface (cerebral eye of vertebrates) 

In the epithelial eye of the invertebrates as a rule ’ the light strikes the retmal 
cells before the nerve and the retina is called a verted or converse retina 

In the cerebral eye of vertebrates the retina being produced from the anterior 
“ maaginated " portion of the optic vesicle the light strikes the nerve fibres first, 
and the retina is said to be of the inverted type 

The CoirPARATT\B Ai.ATOiry of the RE’ma 
The Retina of the Invertebrates — ^Tbe invertebrate Tetino. consists of visual 
cells and their processes In the vertebrate retina to these are added the bipolar, 
the ganglion cells, and supporting fibres 

The visual cells of the invertebrate are of two mam kmd« 

(а) A cell with a ciliated border or a striated zone ( ‘ Stiftcbf'nsaum ” of Hesse) 

(б) A rod like cell 

The latter ls the only form that obtains m the vertebrate retina A third 
type of visual cell is one vnth a phaosome or phaosphere i e a large vacuole 
which undergoes changes when exposed to the light (Fig 211, B) 

(n) CeIiLS wits a Cieiated Border or Striated Zoxe 
The single cell constituting the primitive eye may be ciliated Often the cells 
contain large vacuoles round which the strise are arranged (e g in the leech) 
(Figs 210 222) 

The Ciliated portion is often enlarged to mcrease 
the area of hght reception, and, to the same end, the 
cell may present digitationsasm TrtslomnmpaptUosum 
(Tig 222) 

The nerve fibre leaves the cell opposite tlie ciliated 
region and, indeed, according to Hesse, is continuous 
through the cell with the cilia 

> Exceptions are seen m the shell fish pecten and in spiders 
(F.g 226) 



Fig 2 2 2 — F v e o *• 
Tresiatode W ob« (Teisto 
SlfSl PATILLOSUM) 

(Fnm EiiUcUl t/Ur Httu ) 
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(6) Rod uke C» tx 

Thcce are fomicl in nnnj Morm^s in tlit oceUi of artliropods and in the ejcs 
of mollti^cs 

The«o A tsual cells also form tho ncnro-opithelitim of the scrtcbrate return and 
are nsualh arranged in a single laver Bnt m tho molhivc (J’ecfen jncohms) there 
•vrc t%%ola\crR of cells lietweeu^hich are the nen® fibres, ami behind the proximal 
visual cells there is a lajer of epithelial cells rich in pigment (Fig 227) In the 


ccphalopods tht. visual colls are rod like 
choroidal cartilage 



I'l' 2*3 — lae TEi.rsropJt F\e op Preno 

TIU<ueA COBONATA A MOLEISC 
ITnmIttui ') 


form a single lajer resting on the 



Ins “24 — TEtE-^COWC J PE 
OP Ptebotrachpa cokosata os 
BECTIO'S 

IFromSaitUI m/lrrriritfl 


Tlie nerie fibres leaAO the ejo jmstcriorlj bv f«evcinl holes in the cartilage 
Gcnerallj speaking the nerxe fibres pn>8 into a ganglion Mhich ins% be 
diroctlj liehind the eje or m the central norioiis sj^stem 

The Retina of the Vertebrates js gencnilj more complex than that of tJio 
mvertebrafes Here no find tiirce neurones The netiro epithelium is nearest 
the f-clcrotic 

Rods and cones are found m all classes of rcrlcbrates except in certain rudi 
mentarj forms Ampbioxiis is of course an ext«ption, haxing onlj unicelhiUr 
‘ exes ” {Fig 200) 

Some ha\o more cones, others mote tods 
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As \re pass up the animal scale, •«e find more and more rods and cones per 
sq mm Thus JIann (1928) found in a strip of retina 1 mm long and 0 1 mm 



inde 100 cones in the lamprey 125 m the frog, 327 in the hen, while at the human 
macula there were 652 


Generally speaking there are the same layers as in the human 

The Pigment Epithelium is muck 



the same in all classes of vertebrates, 
but it may contsin ajiart from pig 
ment, od droplets m great variety, 
and crystals of gusnine 

Tlie pigment is morphologically 
different from that of the choroid 
In the choroid it is almost entirely 
amorphous in the retina crystalline 
(Grceff) In the retina the pigment 
IS epithelial in origin in the choroid 
mesodermal 


Fig iJc — ^TOir limnisE Eye or the SnoEii In tho«e animaK which base a 


TEGE^A 1 UA DOHESTicA tupctum tlic rctmal pigment in tlie 

(frtm rau«7J< jTuS’aaa ) rcgioR of tlic tapctum IS absent 

In the outer nuclear layer one finds in certain aertebrates the fibres (massues) 
of Landolt Tlie«e are filaments ending in knobs towards the outer limiting 
membrane and probably den%ed from the bipolar cells (inner nuclear layer) 
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The Area Centralis — In all \crtoI)iitcs there is fouml nn arei vhero the vi'^ual 
cells are narrower and more clo'4il^ pacKnl — an area of more acute M'-ion than 

the rest of the fundus 

Such an area has even been 
<lescribe<l m some lowlier animals , 
for instance, Hc«s found it m some 
cephalopoda, and a trace of it is 
seen m certain plathelminths (flat 
worms), and also m manj insects 
Now, while these areas result in 
some advance in visual acuity 
over the rest of the fundus, it can 
be nothing like the siieeiahsation 
first really seen in tarsius Inman 
and m many monkeys the area is 
characterised by a yellow pigment, 
hence the name macula hitea («ee 
p 6*} In the centre of tins is 
found the fovea centralis 

The Retina ol Fishes w com- 
Fio J 27 — TiibEvi or Titr Moticsc I'ectcn plex, and diflers much in the 
jAcoDEPti different species In general, 

I - to. , c .f «il. rraemblM that of llio 

OM-nonp hbif# from Ow l*>er \CS» mammals 

HfHomi M}cr of MKuai coiu 0 N J - iM-n* The pigment epithelium is 

fromttiii»i(i)<jf ON » optic Jtone ofteiJ charactcrLsed by numerous 

granules of guanine (Kuhiie), esticcially in the cyprinida?, perch, and bream 
These granules may be brilliant wJiitc or reildish yellow m colour Tliey were 
first deserdwd by Pella Clnie m 1830, who called thorn ophtbalraohths 
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neuro-epithelium may occupy one-thinl to one-half the uhole thickne-vs of the 
retina (Max Schultze). The ro<ls and cone*? often resemble each other 
closely, and GrecIF and Max Schultre doubted the existence of the latter in 
pelachians (shark). 

The largest cones are found m the i)erch. where they are often double 
(Fig. 229, B). Usuall\ there are no oil droplets, but M Schultze found colour- 
less ones in the sturgeon between the outer and inner segments of the cone^. 
A kind of membrane or cloak is often seen round the rods and cones. 



Flo 22‘) — (A) Ron (II) am> Cor (1| or the Pmen (11) LAfior Doi nu (on TXviv) Cose 
or THE Pfecis (Cl lira (1/ A-sn CnrcN (ll| Itoof or m Fkoo (D) Cruj mou 

Tins RsmsA or a Fnoo which has nrev I^ Stkono l-i« nr ( t — double coik*. ow part (a) of 
which Juts an oil ilrojilot B — rwl C coho with oil dropKt) (K) Coms or Tiir SrAunott 
(note oil droplets) < jjfc* 

The outer nuclear later Ira.*! ^7nr rwir^ hut there arc m the hream 

and one in the lamprey. Many medulhted nerve fibres are found 

Area Centralis.*— It u«cd to Iw )>cJjev«l that there was no an‘i reniralLs in 
flshci, but Carnero showed it in hippocampus and \V. Krau-e in sNiipnatus, 
belonging to the lophobranchs. He*..s found it m cophalopods, in selachians 
(sc\Hiiim), and in the bori^ fi-hcs, red mullet and the rninriou. 

Titr. Betpca or A'lrmniANs 

Hods and cones are found, the former helnp u-imlly jimn* numerous, 

Tliey are much larger than in the human, the ftualle't l>cing double the size 
of ours. 
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Tilt pigment cells nre ^er} Hige cotenng eight to fifteen \i>iial cells in the 
frog The\ contain nxnnerons oil dropletB Tlie frog has tno kinds of rods 
(<i) \ lolet red the larger and more numerous 
(6) Green 

The mtercahted disc uhich lies lietuccn the inner and enter segments of tlio 
rods IS hotter marked than in other animals (Fig 229 C and D) Od droplets are 
fomul hctucen the tu o segments of the cones Tboj mar be colourless or biightlv 
\cllou 

TlioMsiial cells nllcnclina ramifjingfootpieco (Genernllj speaking theconcs 
end in thi- Ma\ and the rods in a ) nob ) Cajal dc-icnbes double cones and rods 
Tlie fibres of Eindolt are more immerons than in anj other a ertebrates 
\ccording to ^icati the net\t. fibres from the right bmIc of the retina go to 
the left Bide of the disc and vice \er«a The author s Q\ni j reparations would 
corroborate this 

In Protewi angnifiewi and Axolotl {c&\c dnellcra) which lelong to the urodele 
amplul mns the retina is primitive and little differentiated and fills practically 
the whole bulb 

Tke Rettsa or Rutiles 

The retina is generally characterised by the iiredotninance of the cones, oaer 
the rods Tlic crocodile and gecko ate exceptions 

The pigment cj itUeUum is like that of the rertebrates gencrallj except m the 
crocodile u here m the upper part of the retina it contains guanine cr\’staU as u ell 
as pigment 

Tlie cones often contain oil droplets Thc^ are abundant and coloured m the 
tortoise few cf and almost colourless in the lizard 

Tlic outer nuclear lajer consists of two rows of large cells like those of the 
amphibians 

Both the roil and cone fibres eml in a xamifjing footpiece and since this is the 
usual termination of the cone fibres it was believed that onlj cones were present 
Poili aiul cone -1 are hoiivier best dtilingmehed by their coHiiec/ion-* rather than by 
t/e type of lermitialion (Alsobv their staining reactions seep 75) 

* The innerniiclear Inverts rerj wide In the crocodile a liorirontall} striated 
area cctitirh-. is found In the reptiles the cells of the pars cilmris retina; are 
ven large 

The Retina of Birds 

The retina of diurnal buds contains man) cones and few rods In the fowl 
and pigeon however in a certain area coloured vellow m the former and red m 
the latter the khIs art mori. numerous 

In the iioctnrini binls tlie rods are mucli more numerous 
The neuro epithelium m csjieciolly distinguished bj the oil droplets which are 
more abundant hero than m anj other vertchnte Eie oil droplets are situated 
* I c Jtann Hr ! Jo rn Oplth Joi 1033 / p roftc jlfl of Sf I e otlon 



COMPARATIVE ANATOJIY 333 

l)et^^een the inner and outer “cginents of rotla and cones, but more numerous in 
the latter (I'lg 229, E) 

In tlie diurnal birds tlic droplets are of varied and bright eoloure Most 
usuall\ thoj arc red, but there are different shades of yellow, green, and blue 
In the nocturnal birds the droplets tend to be jellow 

The pigments producing these colours were called chromophanes by Kuhne 
In tlic postero superior quadrant of the retina in fowls the jello^v droplets 
predominate and gi\c thij, area its \cJIoh colour The same quadrant in the 
pigeon IS red, gning rise to the red area in these birds Tlie remammg portion 
of the fundi appear^ shghtl\ red in fow Is and sUghtl^ j ellow m the pigeon, owing 
to predominance of thc«e colours in the oil droplets 

The fibres of Muller are narrower and m the distal portion of the mner 
graiudir K^cr break up, like those of the rcjitiles, into a brushwork of fibres 
Area and Fovea. — Birds ha\e an area centralis, often two A fovea is 
often present, and in i>ome including the pigeon and sparrow H Muller found 
tw o in each cj e 

According to Rochon Dtu igiicaud the insect and gram eatmg birds which have 
their c^cs more or loss lateral and whoso visual axes make an angle of 120® or more 
with each other haac a single foaea more or less central The nocturnal birds of 
prej and the saaallow have a double foaea, one central, the other lateral — the 
latter being placed behind and below the former 

In some birds a band shaped area of acute vision maj be associated anth the 
macula Where two maciilx are present, tlie«e maa be joined ba such a band 
(see Casca Wood, 1917) 

Tuf Rrro.A OF Mammals 

A central area is present m practically all mammals, although it is said to be 
absent in the mouse, rat, and sheeji Onl> man and some monkeys have a true 
macula and foaea centralis subscraing binocular and stereoscopic Msion 

In tarsius, the sole surviving representative of a group betareen lemurs and 
monkejs, there is a great crowding together of the rods m the macular region, 
but there is no spreading apart of the aarious lajers so that light may fall dwectlj 
on the neuro epithelium This takes place first in the marmoset (Woollard, 1926) 
Tub Choroid 

The choroid is only «een in the vertebrate eje , it is usually 4 mm m thick 
ness, but in the whale and seal may be greater than 1 5 mm 

The pigment is most abundant near its outer part, that is, in the supra 
choroidal lamina, but is absent here in birds and fishes Thus in the latter the 
$thery vitmbrant (argentea), which is placed between the lamina suprachoroidea 
and tlie laj er of large a essels, shoivs through 

Sattler in 1876 described m the human (in the macular region) a cellular 
membrane with elastic fibres which he belieaed was homologous avith the 
tapetum of mammals 
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The Silvery Membrane (argentca) of the choroid of fi«hes (esjiecialh of the 
bom fidie>^) is placed between the BUpmchoroidca and the large iiC'i'tel'! It 
extends oxer the xxhole choroid and al«o over tho ms 

It IS formed of crystals of guanine xvhich give the membrane its brilliant white 
npi>carance and are responsible for the metallic lustre of tlie iris of fisliea and 
coplialopod's 

The Choroidal Gland — Tlie choroid of fishes is thicker than that of other 
verlebritcs and has a apongj atnicture It is xerv vascular especiall> m its 
po‘>tenor part Tlie retina thus appears to rest on a xascular cushion lotliLS 
posterior thiel enod portion the name of choroidal gland has been given It is 
particiilarh vicll developed in certain ganoid fishes such as anna and in some 
lion} fishes for instance the angler fish (lophiiis) 

The Tapetvitn is seen in most mammals It is respousible for the green reflex 
seen in the cat s cv c and the emerald green in that of the dog It is best seen in 
the carnn ores ruminants liorse cctaceoi seals and dolphin One also finds it ni 
fishe-’ hut not in rodents reptiles (except the crocmlile) and amphibians 

T/e ( Cftoroidol) Tapetum max ho cellular or fibrous It maj occuiij tho 
whole fuiuliis but more often onh the upper and back portion It w found m 
the mammals and m certain cai tilngmous Ushcs (skate shark) 

Among birds onij in tlioo<trieli is there a rudiment of the tapetum but even 
here it is cov ered bj pigment Xhc bright reflex from the ostrich c^oia (according 
to Satllcr) produced by the Kmma vitrea on the inner eurfaco of choroid which is 
tsinciallv thick in tins animal 

The tapetum is pliced just deep to tho chorio capillans and is visible 
hecauso this and the retina arc devoid of pigment 

Amon^ the carmvores the tapetum is usually cellulai consisting of several 
lavers of flattened cells 

Among the lierbivora and dolphins the tapetum is fibrous le composed of 
fine fibres al»o in several lay era Tlie tajietum reflects the light stronglv ami on 
account of its stratified structure diffracts the light and gives rise to tl e different 
colours seen m the fundus 

In the hoi>e the tajictum is extensive m the lamb and ox it extends espe 
cially on the temporal side Jii the goat it is quadrilateral and symmetrical 
round the posterior pole It is trnngiilnr m tho roebuck the dog and the cat 
In the dog it is usually cnlirclv alxivo the japilla m tin cat it reaches a 
little below this area It is brighter in the eaniivores than in the herbivores, 
ami IS thicl e«t in the o\ 

111 some animals there is al o what is called a rein al taj etum It is formed of 
crystals of guanine ami occurs in certain bony fishes espociallv the perch and 
c\ pnnoitls (gold fish) It is tv'jHcnl of the lircani anti m the crocodile it w of the 
same nature In the crocodile* the upjicr |K*rtion of tl c fiimliis is bnllmiitlv 
white but Ik. comes red ler in the dark 

» Vbcliilorfr trdmj A jr tW).^ 1 
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We must not forget, however, that in the higher molluscs (cephalopodsj and 
in the bony fishes there is a silvery membrane (nrgcntca), so called because the 
crystals which it contains give it a silvery brightness. 

But this is not a tapetum, for it Is placed outside the layer of large vessels and, 
being covered by pigment, is not seen from the interior of the eye (Ovio). 



Fio. 230 . — Thk Fitsdvs or the Horse. Fio. 231. — The FcNurs or the KiBHrr. 



Fio. 232. The Fi>hih or the I>«>o. Fio. 233 ^The Frxiiifl or the Cjit. 

TliP area abo\-p i» lb" tnjwtum. TIi" ami alw\«‘ i* lIi" tni'rltim. 


Tuk Fcsni’s * 

The Colour. — In tho^e anirnnhs which h.aw no tajiotum the colour of the 
fundus comes from the blood in the choroid mmiifiwl by the density of the pig- 
ment epithelium. Othc^^vi^e, it Is tl^otaI»ctum%^hicll is re'i)on«ible for the colour. 
> J«.bli*>n, /‘Ai?. ll*0I. S«T. IL. fXrh. PI’. l-SJ. 
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A red colour in the fundus is seen m pnmates (including innn, hut excluding 
some lemurs) and al«o m some msccttiorcs 

A jellow colour (prmciinlKIisseenintheptosimians, cluroptcra in some cats 
elephants, ind squirrels 

A green colour is the least frequent it la seen in some carniiorn and in the 
ruminants except the goat and camel in ■winch it is red 

In the ox the disc ls pink and tnnsicr^ly oral It lias no jihisiological cup, 
and often remains of the h\aIoid arterj are seen on it The retina h well 
vascnlan'>ed The fundus genervlU is red but there is n large blurred green 
tapetum below the disc The fundi of the other ruminants are similar, but the 
di«o IS round in the go it semihinnr m the sheep and the tapetum is ab'ient 
in the pig 

/« /Ae/iorsc (I ig 230)tliedi‘5en1soislmis\er6eli oral and has no physiological 
cup From it numerous small res els run for a short distance onlv into the fundus 
(paurangiotic) The tajietmu is greenish blue and nbo\c the disc Generally the 
fundus 13 reddish gre> hut vanes mth the colour of the animal Mjelinatcd 
fibres arc often seen 

7m winriHot oiw? s^uirrei the disc forms a longish horirontal baud It is 
kidncv shaped m the uolf jacl al and fox It is white in lemurs bats rodents 
edentates marsupials echidna bright red in the hedgcliog and mole blacker 
green in the galagos an 1 Ions In the cinurorcs it raaj ho white gre\ brown 
maroon, or red 

Jn Iht gtnnen pig the disc is small round grej ish white and jilaced in a dark 
grp> retina which is almost devoid of vessels 

/n </i« rnWi/ the disc H pale pink transversely oral and deep!} excavated 
It IS continued at the sides into bands of meilullatcd nerro fibres to which the 
vessels are confined (Fig J31) There are no retinal vessels on the rest of the 
fundus, hut m the albino rabbit the choroidal vessels show through 

In the tlog the disc is round or triangular It is characterised bj a well 
marked venous ring (Fig 212) The artcncs are small ciho retinal andleavethe 
disc at its ptniilierv The tajictiim » jcllowish green and for the most part m the 
upjier part of the fundus Rcmamsoflhchvaloidarterj are not infrequently i>een 
7»<Acrflttlicdiscjsgri,^ and round andsincotlio vessels leave it peripherally, 
It looks something like a glauroma cup (Fig JJ3) The bright reildish green 
tajietum surrounds the disc and occupies the upper jiart of the fundus Remams 
of the hyaloid arferv are often teen 

In hirdt the fundus is difficult to tee owing to the fact that the pupil is small 
and docs not dilate under alropin (Qvio) IhecUic ls hidden bj the pcctcu which 
IS attached to it and its continuation downwards which is known as the cauda 
In the pigeon the two foveas are seen ns dark sjxits 

In replilef the disc is difficult to see owing to the small pupil Tin hvaloid 
circulation is v isible In the crocodile the di c m black (Ilirschherg Abchilorf) 
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In amphibtans tlie circulation n \wblc m the hjaloid system owing partly 
to the great magnification produced b\ the lens and partlj to the large size 
of the blood corpuscles 

In tl e frog the disc forms an oblique streak (see Hirschberg) 

In FtshM — In the minnow the entrance ofthe optic nerve is marked by around 
disc not well defined winch has a wing like prolongation upwards and inwards 
The \ easels converge on the di c and Komc project into the vitreous 

In Ihc fd a papilla is not seen but the nerve entrance is marked bj the point 
of convergence of tlie whitish nerve fibre bundles and the retinal vessels 

In f/cpile there is a worm like streak provided with pigment from the middle 
portion of which the nerve fibres radiate No retinal vessels are seen 
Tlie selachians have no hvaloid or retinal vessels 

Among the honj fislics manj have a h>atoid network which Virchow divides 
into three tvjies 

(а) The hjaloid nrterj and vein enter at the ora serrata (ganoids) 

(б) The artcrj enters at the papilla and the vein leaves at the ora serrafa 
(gold fi h) 

(c) Both enter at the papilla (ccl) 

In Ot cep} alopodfi there are nnnv dtses as the optic neno enters tJirough a 
number of holes (Fig 

litr CiUAKV BoDi 

In the human eve and that of tho higher apes wo find the ciharj body formed 
of two portions 
(n) Muscular 

(h) Ciliarj processes (csscntiallj vcs':el8) 

There is an analogous organ m the cephalopods in which a structure similar 
to the ms is also seen (Fig 221) but apart from this a ciliarj body is only 
found m tho vertebrates m which however it vanes greatly The muscular 
portion IS the more constant 

The Ciliary Processes are absent or practically so in fishes and amphibians 
In 6rnfs their nam&cr nraj as comparer? nith 70 m msn 

Thev maj bo so large as to leave an impression on tho lens In the human 
the ciliarj processes do not touch the lens (0 5 mm away) nor are they in con 
tact Willi the iris But in some animals such as the rabbit the> are in contact 
a condition which obtains in the human embrjo up to the last months 
The Ciliary Muscle — In mammals there are two portions 

(а) Peripheral = muscle of Brucke 

(б) Central = muscle of Aluller 

In birds there are three portions the two above and an antenor portion known 
as Crampton s muscle which is striped 

This passes from the deepest lajera m the cornea to the anterior part of the 
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Hclcra Ihe sire of the ciliary body dejiends on tlie anioiint of accommodation 
and not on the amount of intraocular fluid Thus m man the ciliary muscle is 
more deyoloped than m other mammal^ In the aes the amplitude of aeconmio 
dation IS 101) in the dog 2 5 to 3 SD and m the cat onh ID (He^s and Heme) 
It IS feeble in herbiyora and rodents nbo have little poner of accommodation 
but well developed in diving birds and those that fly awaftlj for instance, the 
awallow 

In birds {and i-eptiles) the contraction of the ciliarj and Crampton e muscles 
rai'-cs the pressure m the \itreouB Tins pusbcR on the len* yylucU being held 
jyeripheraUj bj the iris can onlj bulge foryvnrd akiallj In most birds except 
the nocturnal species the power of accommoilatton is y erv great Hess found 
40 to 50D m the cormorant 

In the bonv fishes in y\hich there is onU a rudiment of a cilmrj Viod} there 
IS hardlj a trace of cilnrj muscle In fact some authors deny the existence of a 
muscle and describe a ciliary bgamont ubich bmd« the cilnrj body to the corneo 
sclera 

Fishes yvhoso o^es arc normally fixed for near vision hayo to accommodate 
for distance This is done bj the retractor Jcntis muscle which pulls the whole 
lens backwards In some amphibians a high degree of miosjs takes the place of 
accommodation while m others the lens is pulled forwards bj the protractor 
lentis (Hess) 

The ciliary muscle and that of the ins in bird? and reptiles (sauropsida) are 
striated vvlnle in mammals tiic^ are smooth 

Tiif Iris 

Arthropods — Mhen wc speak of the ms oftlie arthropod wc mean the pig 
ment and iridic tapetum Each facet of the compound eye when looked at with 
the microscope appears to haye a pupil surrounded hv pigment 

Cephalopods have a real kls y\ ith pigment and a double fipluncter and dilatator 

Vertebrates alwajTi haye an iris It is houeyer rudimenturj in some deep 
sea fishca with telescopic eves 

In fishes the iris lus a metallic lustre owing to the crystal? of guanme m the 
silvery membrane which extends into the ins The same applies to the iris of 
cephalopods Hero the membrane is partially cov ered bj chromatophorcs which 
give the ms its sjwcial colours 

The nmphvluaus and reptiles have simiUr refloxts but it is doubtful w hetber 
these are due to crystals of guanine although they are jim-ent in the erocwhle 
and chameleon 

\mong hirds the in? i? hrown in the ‘•inging varietiop yellow in tht birds of 
prey The heron parrots and pheasants liaxo reddish iridcs due to oil droplets 
of different refractions rather than to micro crystals Almost always the in? of 
birds bos a black edge which may make the pupil appear larger than it reallj is 



COMPARATIVE ANATOMY 339 

Tlic mu'icxilaturc of the iri^ like that of the cihar\ body is striped m the 
s'lxirop'suH (birds and reptiles) and smooth m all other vertebrates 

In the fishes amphibians and cephalopoda the muscles are rich in pigment 
In the lower aniraal> there are no ms crvpts and the anterior epithelium is 
xvell marked 

TAcpjipj/ when ron«:tncted is not alwavs round xvhen dilated it is aln ays 
more or le«s circular It is round ns m the human m bird's except the owl in 
man^ reptiles and fishes and e\cn in «omc amphibians 

The pu])il is oval wath the long axt* horizontal in the hor«e ox goat 
kangaroo and in certam fishes o\al with long ai.is \ertical in the seal and 
alligator aertical slit in the cat fox and owl 

In nocturnal selachians such as scjlhiim torjiedo etc it is a sht 
Reptiles — The jutpil in the cephalopods is horseshoe shaped and m some 
species on contracting it forms a straight or curved line which however 
remains open at the extremities This t\^le of dumb bell like pupil is also seen, 
in scvllmm 

Tliere is a pupilhn oivreulum in the skate and in pleuronectes (sole etc ) 
which swim on their sides near the bottom of the sea the pupil not onlj closes 
completely) but the upper part hangs over the lower This is possibl} analogous 
to the nodules of pigment (floccuh or corpora nigra) «een at the edge of the pupil 
of the horse and aUo to ectropion uvea? which is met with as a congenital anomalv 
in man 

In the sauropsida the pupd is often displaced nasallj and downwards (coree 
topia) m the amphibians dowoiwards and m the salamander upwards Gecko 
has a vertical sht with irregular borders 

In some animals the pupil extends bev ond the lens so that an aphakic portion 
is present as obtains after iridcctomv m the human This is especially seen m 
some bonj fishes 

It would seem that the essential structure of the adult in* in the different 
species of animals is determined bj the embryonic ocular circulation especially 
the presence or absence of a pupillarv membrane and the number and position 
t.W bnneiKS iff the b} thf/derten Tbefiegrescfp.'gyifestatJS'aJiiiS the shape 

of the pupil bow ever are at anj rate in part determined function or habitat 
(see Mann Trans Zool Soc Part 4 1931) 

The Diorxmc Atpvratxts 

In the most primitive eyes such ns that of the worm Slylaria lacustns 
(Fig 211) the light acts directly on the epithelial cells of which it w composed 
without first passmg tlirough a dioptric apparatus 

But soon a rudimentarj refractive mechanism appears It may be a simple 
transparent mass secreted bj the epithelial celL or it mav be the cuticle covermg 
the eve which becomes thick and transparent or it may be the visual cells them- 
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sel%e<i whicli Income thffcrentiated mto bodies refracting the light so as to 
focus it on the i isinl cells proper 

In tiie cephalopoda tiicre is a comet lens Tins consists of tno half spheres 
m contact with each other 

V transparent moss the pnmttiac Titceous alwajs fills the cavity of the eje 
GencrulK it is secretcfl bj tlio indifferent cells uhicli he between the \isual cells 

In riiUcKloce lamuiosa there is only one of these secretory cells but it is very 
large (Tig 21") 

In the compound or faceted eyes each eye has a small transparent cornei 
behind nhich is a cone shaped lens 

Vertebrates — ?Ie cornea is constant m \ertebrates It is generally larger 
in mammals and fishes and rclatiae to the bulb smaller in birds and reptiles 
larger m nocturnal than djiimal birds 

In the cat and rabbit it is one third of the hulb in the bat and mouse one half 
of the bulb 

It IS more or less flat in fishes acuminate in nocturnal birds In soaeral 
Hjwcies of parrot it forms a kcratoconus Mhilc it is al^o prominent in the mole 
III tl 0 whale and i-cals there is a high degree of astigmatism In the horse it is 
poor shaped being larger on the temporal side Generally the astigmatism is 
greater in o\es with an 0101 ! or slit like pujil 

Tlio comeal epithelium is aerv thick m fishes and lies almost loose and not 
smouth ns in the human In some terrestrial animals the su}erficial lasers arc 
koratuusod Tctrophtbalinus sunns on the surface of the water with half its 
cornea out of the water and half in Here only the uj per half 13 1 eratinised 
In man the cpithebiuii lias fi layers (\ircIiow) (Gaccordmg to Ciaccto) the horbc 
20(^lrchow) amphibians 2-4 the ox ft-10 the rabbit 0 

In the calf sheep guinea pig chimpanzee and m many birds and fishes the 
corneal epithelium is so pigmentwl that this can be seen mth the naked eve 
With the microscope pigment can le found in most comeip 

In some cvprms (gold fish) the cornea is saseulansed m others only during 
embryonic life 

In man the cornea is never lasculariscil except in dtsease 

In fishes and aquatic mammals the cornea is many times thicker at the jien 
plicn than at tlie centre 

Iho substantia propria in the lower sertebrates consists of regular laincll® 
throughout In man and the higher vertebrates this obtains m the central area 
oul\ 'ELcwhero It IS broken up b\ the fibrous cordago Bupcrficially and bx 
elastic fibres m the dcejicr jwrts TIic come vis a powerful lens but only mthose 
animals which Jive m the air It loses all its refractive power m water Gull 
fitrand saxs the cornea m man has a refractive power of 43D and the lens 19D 
I 0 more tlian double 

ThB I/ens — Gencnllv s] caking as wc pvss up the vertebrate scale the lens 
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becomes less and less spherical, but ra fishes it is nearlj round and often pro- 
trudes anteriorl;v to be almost in contact vnth the cornea This is due to the fact 
that the cornea has no refractive power and the lens has to make up for it In 
amphibians it forms a sphere, bnt is flattened antenorlj Not infrequentlr one 
finds a lenticonus anterior or posterior This is seen especially in the falcon and 
finch 

Among mammals the mouse and rat have a spherical lens In the carnivores 
the lens is more convev anteriorly, in the herbivores and pnmates it is the posterior 
surface which is more convex 

As regards size, the nocturnal ammals have a large lens, but m the owl it is 
small In some fishes it is very big (moon fish and uhitmg) 

The nuclear zone in sauropsida (birds 
and reptiles) develops in a pecubar wav 
to form the ‘=oft lens pad This is nell 
developed m the chameleon and lizards 
and IS huge m birds It probablv has to 
do with the amplitude of accommodation 

The sutures are Y shaped m man In 
the selachians the} are Imear, vertical 
anteriorly, horizontal posteriorly Birds 
have no sutures 

The general structure of the lens is 
the same in all vertebrates In «ome 
animals (horse) the capsule is verj thick 
and composed of manv lavers 


SusPENSOKV Apparatus 
The lens ls held m position b} the 
zonule of Zinn m all vertebrates In birds 
the zonule, although le^s extensive, is 
much stronger than in mammals and much more like a bgament betucen the Jens 
and the cihaiy processes In fishes it is reduced to a triangular band consisting 
of strong fibres which are attached to tJie upper pole onl} of the spliencal Jen® 
Fishes and amphibians have muccles in connection with the lens 
Feshes have the mu«icle of fhecampanuleorretractorlentis It runs from the 
falciform process, and is attached to the back of the lens belou and to the nasal 
side of its centre It pulls the Jens outwards and backuards and is a^cocnteil 
with accommodation (see p 339) 

In amphibians there is a protractor lentis In the urodeIe« it is a filament 
which runs from the summit of a ciliary process to the corneo «cleral junction 
It is in relation vnth the choroidal fissure, and appears to be of ectwlermalongm 
It pulls the lens forwards. 



Flo -31 — The LE^s or Imcerta (Lizard) 

(rrmi DUmH a/Ur Sail ) 
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In the frog there are two protractorlentis muscles, one ventral, theotherdorsal. 

In some fishes, too, a retractor lentis arises from the region of the choroidal 
fissure 

AqoEOtre Humoitb, 

In cephalopods the anterior chamber is Aery large, reaching to the back of 
the bulb, and since in these animals the cornea is perforate, it is filled with the 
fluid in which the ammal hves 

But m those whose cornea is not i>erforate (cuttle fish octopus) it is^lled with 
a fluid analogous to our aqueous 

The antenor chamber is very large m birds and small in fishes In some birds 
it may be 8 mm deep 

In the cat it is 2 5 times greater than m man 
The Vitreous 

The vitreous is not entirelj analogous to the primitive vitreous which fills 
the eye of invertebrates and which is a simple secretion (see p 340), 

OBOA1.S OF Protection 

In fishes the cornea may be considered as such, for, bemg submerged m w ater, 
it takes no part in the refraction of the eye , so also the chitinous cornea of the 
ocellus and faceted eyes Primitive eyes are protected by their position because 
they are covered by the epithelium forming the surface covenng of the body 

Much more protected are the ejes of ampbioxus which are found close to the 
medullary canal 

Orbit 

The invertebrate eye is more or less buned in ectoderm Onij m the eepha- 
iopods is there a rudimentary cartdaginous orbit. 

The orbit is constant in vertebrates, but vanes m size, m completeness, and m 
the distance apart In relation to the size of the bulb the sea horse ( Trxckechus) 
has a large orbit, while m the owl the eyes are as it were walled in 

In man and monkeys 7 bones go to form the orbit TJie inferior orbital 
fissure is narrowest in man and monkeys It is much larger in other \ ertebrates , 
so large, in fact, that the outer wall roa>' be absent and then the orbit opens into 
the temporal fossa and even, in the ca^e of the amphibia, into the pharynx In 
the horse the supenor orbital fissure is a long canal (Nussbaum), and m ruminants, 
rodents, and some other mammals it is joined to the optic foramen 

In man the outer wall is shorter than the mner, while in other vertebrates this 
wall, although membranous, is the longer. 

The two bones always present are frontal and sphenoid The ethmoid, on 
the other hand, does not take part m the orbit m the common mammals and often 
the palate does not either 

In fishes the orbital cavity’, much reduced, has accessory bones The frontal 
13 often divided into seaeral parts 
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In fishes the roof of the orbit is formed bj 1 to C bones 
In pleuronectcs (flat fi«h) the two orbits arc asjTnmetrical and of dificrent 
airea ^^^len joung these fishes resemble ordinarj fishes, and liave their ejes 
sMiimetncallj placed Later, TPlicn the3 come to ho on one or other side at the 
bottom of the the lower eje, which is the left in the sole and the nght mtho 
turbot, makes its waj through a hole in the frontal bone to come to lie next its 
fellow The\ thus have what is known ns a mtgratori/ et/e 

In the lower aertebrates the lacrimal bone is little developed and reallj onl^ 
makes its appearance m reptiles (Kober) 

In ornithorhjnchus, echidna, the marsupiaU and edentates it is a simple plate 
perforated the nasal canal In the quadrumanes it is limited to the orbit, 
and does not reach the surface of the face 

In the bird, lizard, crocodile and tortoise the orbits are close together In 
the came! and hare there is one optic foramen for the two orbits In man 
monkejs, and nocturnal birds the orbits are anterior, in the dog and cat thej are 
slightlj lateral In fishes, birds, ruminants and carnivores thej are lateral 
In rodents amplubia, and in some fishes thej tend to be above 

The relative sizes of eje and orbit are interesting According to I)c\)er 
Pig 12 4 

Ewe 1 10 

Goat 1 1 6 

Horse 1 3 

Ox 1 0 

In the elephant the orbit is aer> large m relation to the e^e (Virchow) 

An Aponeurosis more or le«8 evtensuo and containing muscle fibres is present 
in the orbital cav ity These muscle fibres in the frog help to mov o the bulb and 
the lower lid, in birds the lower hd onlj 

According to 0 Burkard this musculature is continuous with tho inaxillarv 
muscidature, which is m direct communication with tho orhit, which ojicns 
laterally m most vertebrates In amphibians reptiles, and birds, the muscle 
tissue is striped In tho frog, silamander, and lizard it forms real muscles, 
winch are attached to the globe and more cspectall} the low er hd 

The more the outer wall of the orbit is closed, tlit more the tendency for 
U'.vs. wiscidAtiMc. tji bn iMj.<t.cuy.d 

Sharks have a cartilaginous pcvlunclc which passes from the back of the 
globo to the back of the orbit It is expanded antenorlj , and prev ents the globe 
from being drawn back too far — a function taken over in the higher mammals 
bj tho capsule of Tenon and the orbital fat 

Tiir Scwiionc 

In the most rudimcntarv ocellus tho cup of pigment alone forms the outer 
covermg of the eye , but most of the ocelli are surrounded (besides this) by the 
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basement membrane of the sensory epithelium or even by a connective tissue 
capsule 

A true sclerotic is only present in the vertebrates It is fibrous in mammals, 
partly cartilaginous, partlj bony, in the other classes of vertebrates It is 
strengthened by a cartilage m birds, reptiles, and fishes, and in some 
amphibia 

Traces are also found m some lower mammals (monotremes) The cartilage 
has the form of a cup perforated bj the optic nerv e 

In bon}' fishes and burds (Fig 237, A) the sclerotic is strengthened bj cartilage 
and bone In fishes there are usually two lateral lamellae of bone, but these may 
be joined and form a rmg (as in the tunny fish and sword fi«h) 

In birds there is a posterior bony cup and an anterior intrascleral nng. 

Lids 

Lids are only found in vertebrates Fishes, ovnng to the fact that they live 
m water, have no, or onlv rudimentary, Jids, which are m any case immobile 
Among the sharks, the hds are more developed The upper is the larger, while 
the nictitating membrane does the uork of the lower (Harman) In repUles 
there are many varieties of hds 

In cheJontans they are thick and onlj sbghtly mobile, m lizards thin, and 
usually only the lower one is mobile In the chameleon they are uell 
developed, but joined so as only to leave a small circular orifice betueen them 

In the slou worm, and other sctnquotdae, the lower hd is transparent at the 
centre, and is the only mobile one 

It is also transparent m the geckos, but here it is adherent to the upper hd, as 
in serpents 

In the serpent the ej e is covered by the lower hd, which is transparent, and 
forms a “ lunette ” or wmdow, through which the animal sees Hence arose the 
idea that the serpent had no lids, and it is also responsible for the “ fixed stare ” 
of these ammals 

In birds the lover lid is by far the more mobile 

In amphibians Jlaggiore found special glands associated with the upper hd, 
while the loner hd and nictitating membrane were veil developed Lunettes 
somewhat like that of serpents are found in certam fishes, such as the eel and 
lamprey, but here the “ lids ” are not true hds, being a direct continuation of the 
skin and adherent to the front of the cornea 

The Tarsus. — In the higher ammals the hds are strengthened by a tarsal 
plate, consistmgnot of cartilage but of dense connective tissue Even m the dog 
it is only slightly marked , m birds and haards it is onlj formed m the lowvr hd, 
and is entirely absent m the parrot, duck, tortoise, alligator In the iguana and 
lizard, Ehzabetli Cords found traces of hyalme cartilage 

The Palpebral Openmg vanes m size and shape. It is generally relative to the 
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sire of the ninmal, simller tliin the human Onl^ m the elephant is it relatively 

larger The smallest (relatuely) ate found m tUo camel and seal 

The Meibomian Glands, which are modified sebaceous glands of the skin, are 
little de' eloped in other mammals 

It has been suggested that they rcpre«ent a row of lashes Mhich ha^e dis- 
appeared m man, but may reappear m the condition of distichiasis alien the 
Meibomian glands are said to he absent 

In the camel they appear to be absent (Richnrdi, 1816) They are replaced 
b) the sebaceous glands m the huge caruncle of this animal, nhtch fills the whole 
of the inner canthus 

In birds, only traces are found and they have the appearance of sebaceous 
glands of the skin, ivith the hairs of which they are still often found associated 
E\snES 

rushes are well developed, not only in primates, but also m the dog and pig 
They are absent in the cat Traces are found m the ostrich and vulture, where 
they arc formed of rudimentary feathers In the horse they are absent m the 
central portion of the upper Iid 

Eyebrow.— The eyebrow is found not only in man, but in the higher apes 
In the cat it is represented by a few long hairs, and m the camel there is a 
Bimilnr formation below the lower lid 

Tnr Pau‘ebrai. iloscLES 

Lwl movements are usually accomplished by the otbiculans and levator 
paljxibra sujierioris Dut m sharks, batrachians, and serpents there js no 
orbicularis In the elephant there is a depressor palpebrm mfenoris (\hrchow) 
In the aquatic mammals there is a muscle m the form of a tube which is du- 
tnbuted all round the lids (Stannius, Virchow ) , in fact, a dilator riraa? palpebra- 
rum Un^lnped muscle was found by H Muller m human hds, and also 
across the inferior orbital fissure, hero mixed with elastic fibres In other 
mammals it is much lietter developed, forming an orbital muscle which may act 
as antagonist to the retractor bnlbi All these are supplied by the sympathetic 
Iho orbital nui'-cles are fitrijied in the lower animals, iinstriped m the mam- 
mal, but apjKjar to hav e a common origin from the periorbital aponeurosis (Groy er) 
The qc twagA wwAclet aC UmIIrc Me w. vmj \ "Wi. 

stnjwd in the aquatic mammals These arise with the recti, which div ide into two 
— 0 . part going to the eye, the other to the Uds But in most mammals the lid 
portion IS imstnpcfl 

in mammals too, part of the tarwl muscles goes to the nictitntuig membrane 
If unstripcd they are supplied by the sympathetic, if striped by the nerves that 
go to the corresjHiiuling bulbar muscles 

Lashes, unlike ordinary hnirs, h&vo no erector pili muscles as a rule, but 
Zietschmanu found traces m the iiorae and pig 
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The orhiciihrii ii considered a cutaneous muscle but in man it is indciMndenl 
of the other racial nuiscle, nliilc in loner animals its common origm mth these 
IS more e\ idcnt In the loa cr animals the orbicularis hardlj extends bej ond the 

”'’'in'bTrd?(Uiehl lilOt) the orbicularis Icaator and depressor of the IkU are 

""■“"I*'' riiFCoNJlNcma 

The coiijiinctii a in fislie, is cutaneous La mphoid follicles are present m the 

ptLlot. ea'lV'- pa^lIdiroTfolltesm^^^^^ m the human con 

"" m utricular gland, of Manx at the limbus haac been seen m the pig ox 

VlxMe BgmTn'LboroftL'To;^^^^^^^^^ n^rThe corneal margin is present in 
niana mlar H Muller found ramifjing pigment cells aihieh appeared pos 

sesscil of '™c",°c!e (Stem«) the bulbar conjunctiva is aliaajs more 

or 1^ p^gSr Thi^lg-nfation tLrease, aia.h age and in those aaho are 

much exposed to '^"g'd ^ conjunctival in origin It is best 

TheNlctltatmgMcm^ . and m saiiropsida and batrachiana 

marked in mammals cspcc ^ membrane less developed as the hand 

Genera 1> sjaiaking o e h' d’ ^ „ the 

IS mom able to aiipe t 

sobpeds but less in the “ ^ In man it is represented bj the semi 

as at the inner angle of the eje and extends vert, 

lunar fold obliquely in front of the eje In the frog 

callj It passes oiltaar membrane is beloa and passes upaards m 

and the ‘ '° "'o, rtam of the ancient Greek theatre (Hirschberg) 

’"" 112 ° fehes'and some others the met.tatmg membrane is on the temporal 

. „„,l,raneinmanyammalsconta.nsaplal6ofcart.lage vhich 

Xl.c nictitating me ^ .^on in man 

1, espeeiallj ^‘8 ,',oes (Gmeomnu) 

more espeeiallj m the cl \ nictitating membrane The margm 

Hastie hbres ^ a“ " tissue the limbus 

t, often pigmented an membrane m place mthout 

marginalci which Kaj. ^ tendons of the 

muscular action when m front or tne j 

“‘rS’andtme aiiiph.bnma such as the frog the met.tatmg membrane 
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when stretched become*’ transparent m the centre forming tv sort of wnndow 
through which the animal can sec 

In binls and reptiles but best ileaclopecl in the former the nictitating mem 
brano is in relation with two special muscles the pjTnmidihs and tho quadratus, 
which with the retractor bulbi are supplied the Cth nerve 

The quadratus arises from tho sclerotic behind the tendon of the suiienor 
rectus parses downwards and ends above the optic nerve m a tendinous loop 
through which the pvronudalis passes 

The pyramidahs, smaller than the quadratus arises from the sclera below and 
pas*'Cs upwards It ends m a tendon which curves round the lateral side of the 


tio "Zii — HaAU or TvRkZV 
T 1 p in*et» ow fl e pyram tial « 
and t] indrat a elao the temi net on of 
iho tendon in the n et t iling ntem 
Inns T) e relation of tho ten ion » 
elao al o^-n 1 1 the tor^ fl^ro 
(Smi B iind ShUb* ) 


optic nenc then above it to jmi«s through the tendon of the quadratus It 
continues on and is attached to the nictitating menihrano near the inner angle 
ofthceje The membrane maj m fact bo regarded as the expanded tendon of 
the pvTiimidalis In the tortoise these muscles are present but much reduced 
In tho frog the membrane is drown vip hj tho retractor Imlbi muscle In 
mammals, it has no relation with anj murele Here movementofthe membrane 
IS nITected bj simultaneotis retraction of the globe The cartilage which it con 
tains and w Inch is prolonged backwards in the form of a tongue shaped process 
IS m contact with a sjiecial mass of orbital fit As the globe passes backwards 
the membrane js 2 »rovented from doing likewise and po it naturally covers more 
and more of tho eje 
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The Lacnmal Caruncle is found m neariv all mammal&, but 13 almost always 
larger than m man, and e<«peciallj ^o m the camel where it fills the whole of the 
inner angle of the eje In the dog, the lacnmal caruncle (as in man) contams 
manj accessorj lacnmal glands and the deeper lajers of the epithehum are 
pigmented 

The Lacruial Okoihs 

Harder’s Gland is found m all vertebrates except the primates. It is large m 
mammals, especially m the herbivora It n. rudimentary in the lower apes, but 
IS absent 111 the anthropoids as m man m whom however, it may be found as a 
ranty (Giacommi) ^Yhen the lacnmal gland la well developed Harder s gland is 
poorly developed and vice versa (I^ ledersheim) 

Fishes have no lacnmal organs, the eyes being bathed by the surrounding 
media 

The first rudiment of a gland appears m amphibia between the conyunctu a 
and the slun of the lower Ud In the tortoise there is one gland for the tu 0 ey es 
In «erpents the lacnmal gland is absent but Harder s gland is very large bemg 
placed in the inner angle or sometmies suiroimding the globe In certam serpents 
(thyphlopidae) It practically fills the orbit, beingten times bigger thantheeje, which 
IS rudimentary In birds, also Harders gland is very big 

The LACRDiAii Gland 

The lacnmal gland and Harders gland have a common origin m a single 
gland situated in the lower hd Agrowth of the medial portion produces Harder’s 
gland, which tends to remain in its onguial position, while the lacnmal gland 
tends to move towards the outer canthus, then to the upper lid Its origin from 
the lower lid is, however veen by some of the ducts which always oiien under this 

Thus the rudiment m the lower hd of amphibia is really the rudiment of both 
lacrimal and Harder’s glands 

In the Tnton, this rudiment becomes more developed towards the nasal side, 
and forms a rudimentary gland of Harder Also in this animal a rudimentary 
lacnmal gland is developed on the temporal side 

In birds the lacnmal gland js placed at the outer angle 

In the rabbit the lacnmal gland is shgbtly in the upper hd, but mostly in the 
low er 

The tortoise, unlike other aquatic aminals, has a large lacnmal gland situated 
postenorly This is due to the fact that the tortoise crosses dry sandy tracts 
when it wants to lay its eggs, and has to keep its caes as moist as usual 

In the whale the secretion is fatty, like that of the IMeibomian glands 

In man the lacnmal ducts open on the conjunctiva 

In the tortoise, bird, rodent, and lamb the ducts unite to form one, and open 
in the lower lid 
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In tlie pnmate>? there are several ducts \ihich open niainh m the upper lul, 
but Fome ftlv.a%s open under the lower 

The hcrimal organs are supplied bj the second division of the fifth nerve in 
all animals up to the mammal In mammals the roam supph conies from 
the first division of the fifth nerve indirectly also from tlie second 

Ihe secretion of the true Hcninal gland is vvaterv that of Harder s oilj but 
m the pig the lacrimal gland i-> rmicons as it is m part m the lamb goat, and 
dog (\irchou) 

According to \\ endt the gland of Harder is sebaceous m the lower nnniraals 
while it tends to be more like the lacrimal gland ns we pass to the higher mam 
inals 

llie lacrimal ghnd IS mfact amodified skin gland Inspelerpes a salamander, 
it is continuous with these 

In bcrjvcnts which have a large lacrimal gland the ducts open into the mouth 
— henco the gland is probablv salivary m function 

Tid I-iAcniMAL Passages 

Generallv smaller than m man tliev arc aliscnt in tlie chelomans (Sardemann) 
seal hipjopotamus and cleiihant 

Ihore 18 ft single passage m the rabbit pig and ewe and double as in man in 
the other animals 

Lacnmal papilla; are only found in man 

In the pig the canniiculi be in bonv canals in the lacrimal bone 

In the opliidia the lacrimal passages oi>cn into the mouth 

Tin Oubital Mcscles 

Poorly developed m the invertchratcs thev arcwellmarkedmthcvertebrates 
In the invertebrates there arc nidiincntnrv muscles m relation to their ocelli 
Crustaceans and niollnscs have mobile eyes on stalks 
Cophilm a j hyllopod crustacean has a mobile retina 

Daplmia has a single median ©ye mm in diameter formetl by a number 
of onimatidia TIils eye provided with four rauscles resembling our recti 
whicli keep it m a constant state of vibration and move it in various directions 
In vertol rotes there are 4 recti 2 obliques and a retractor 
Ilie muscles aro rehtirclv small in binls and the eye relatively little mobile 
for Ibc ammal moves its bead instead 

Thus also there is little mobilitv in fishes reptiles and amphibia ev^ept 
the aquatic tortoise the shark and pcrio{ htlialmus 

In fi hos and birds they nnv lie verv oblique ami often almost at right angles 
to the optic nerve 

In the \)onv fishes the muscle^ a short dihtanco from their origin are placeil m 
a canal 
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The. Uio oblique muscles form an almost complete girdle round the globe 
In man thej are inserted behind the equator In other animals the insertion 
tends to be m front of this 

In most ^erteb^ates, too, they have their origin close together near the front 
of the orbit. The reflected portion of the superior oblique is thus the original 
muscle, and is fleshy in many mammals The pulley is developed, as the origin 
comes to be placed fartlier back to retain the direction of pull In mammals 
there is a posterior origm and a pulle} 

The tuo obliques cross the recti sometimes betireen them and the globe, 
sometimes outside them 

In man the superior passes inside, the mfenor outside the corresponding 
rectus In fishes both obliques are outside In birds and m the elephant and 
chimpanzee, the inferior oblique is outside , but m other mammals usuallj 
inside 

In the tiger the obliques spUt to enclose the rectus In the lion only the 
superior does this 

The retractor bulbi (choanoid muscle) is uell developed in the large herbivora, 
but IS also found in the tortoise, lizard, and batrachians It is absent m birds 
and serpents, man, and the higher apes 

This muscle, which has the form of a cone, arises at the apex of the orbit and 
surrounds the back of the globe to the equator It has a tendency to be divided 
into several portions thus m the nhale there are tuo, and m the batrachinns 
three portions It is suppbed by Cth nerve 

The mam function is to retract the globe It also supports the globe m those 
animals whicli hang their heads for hours, and prevents the congestion whicli 
would othemise result In man, Gnm*:daJe thmks this function is taken in 
bj' the tonic action of the reeti In man, also, this muscle is missing, but 
Niissbaum found a trace 


The Onerran Vessels 

In mammals, generally the tendenej is for the eje to be supplied b^ the 
external carotid , but as we o«cend the animal scale more and more corner from 
the internal carotid 

In the dog there are two ophthalmic arteries, one from each source, with an 
anastomotic branch between them (Parsons and Hender'^on) 

In man the ocular and orbital vessels come from the internal carotid IVo 
must not, lioweNer, forget the recurrent lacnnial arterx, which i‘« an ana«tomoMS 
betw een the lacrimal derived from the mtemal carotid and the middle meningeal, 
which comes from the extenial Tins branch maa enlarge and take the place 
of the ophthalmic, thus reproducing the condition m the lower mammah 

A Hyaloid Artery is constant in mammals, but tends to disappear later than 
in man, and remnants are mare commonU found In the cat, for instance. 
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It remains until one month after birth, and according to Ciaccio, in the mole the 
hyaloid arterj is permanent 

Tht llelMial 1 essth — ^The central \esseh aluays pierce the sheaths of the 
optic ncra c nearer the globe than m man 

The. Ciharij Vessels are ahvaj's more important in the suppl;y of the retma 
than m man, and often the central acssels are so small as to bo negligible 
Indeed, it is disputed whether the dog cat, and for haac an arteria 
centralis * 

In the dog wc found the retina supplunl bj cilio retinal a essels only These 
pierce the sclerotic (not the nerae sheaths) and enter the ner\o at the level of a 
ndgo of retino choroidal jiigment, i c nccessarilj in the globe 

A central retinal vem on the other hand, ma> be present for a \erj siiort 
distance onl>, but it also lca^e8 the ner\o inside the globe In no case did mc see 
the mam letinal \ excels cross the subarachnoid space, as they do m man 

The depth to uhich the retinal vessels penetrate into the retina aanes In 
man thoj go to the outer side of the outer nuclear la>er i e just into the outer 
plexifonn lajer In tho lower animals thoi penetrate less deeply In the cat, 
for instance onlj to the ganglion la>er, in the horse and rabbit the^ are conhiicd 
to tho nerve 6bre lajer 

According to Mann, m rodent embrjos the retinal vessels resemble a mombrana 
vasculosa retime Litei tho aesseh sink in to become partiallj embedded in 
the nerve fibre hjer 

W itli regard to tbe amount of retina which is vasculariaed, Leber makes the 
follow mg classification 

1 Ilo'atigwlic (6Xo; s= entire) — Entirclj supplied b^ vessels, as in the 
primates, some msectivores carnivores, ungulates, pig eomo rodents marsupials, 
pinnipeds 

2 Merangiotic = partlj) — Parllj Bupphed with vessels os m the 

mbbit and hare The vessels arc limited to the areas of tho mednllatcd nerve 
fibres (Fig 231) 

3 Paurangtolic (-xupo; =» small) Slightly supplied with vessels, as m tho 
bat, horse (Fig 230) elephant guinea pig Tho vessels ire vor^ small, and 
extend Old) a small distance from the disc 

4 -inaiigiolic — ^Tlie retina contains no vessels, as in the rhinoceros porcupine, 
echidna 

In tho agouti a rodent which has a retina almost ainngiotic, and m Bome 
marsupmlo there is a cone which is characteristic of the reptiles In the other 
anangiotic animals, one often finds a cvpillar^ aasciilansation of the disc which 
maj 1)0 visible ophthalmoscopicallv.and which is analogous to tlie tone of reptiles 
or the pecten of birds (Lmdsav Johnson, "Mann) 

• OocuAi ntally wl ile nt Iho npr\« hm 1 no artona rentnilui wa« neon a \ery small \maol was 
fa indfarthprbnckm thai-piitreortl onervp (VVotff^andDniim lint Journ OpUh No\tmb«*r 1031 ) 
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The Retd.\l Vessels 

Irue retmal \e<5sels T,re found onl\ in mammals 

In the loM er ^ ertebrates except the eel and a few others the retina is ai ascu 
lar It is the fate of the hj aloid sxstem which determines the final method bj 
which the retina gets its nourishment 

The retina maj m fact he nourished m four wajs (Alann) 

1 A completeh avascular retma the blood supply being entirv.l\ from the 
choroid (a\ ascular type) 

2 An axascular retina associated with a pecten projecting from the optic disc 


(pecten tjpe) 

3 ^n avascular retina supphed bj 
vessels Ij mg on its inner surface (mem 

brana \ asculosa retinse t j’pe) ^ 

4 A \ascular retina supplied by 

vessels ramifjing in its substance ®ONvpiATf 'MO 

1 The Atascidar Type (without a Ma ^ 

pecten or its homologuc) is found in MI/m 

many species for instance m certain >%yfM \ 

fishes reptiles and mammals w 

In the reptiles ofthis group there 13 // / % j| 

howexer often a trace of a rudimen ^ i Ji oecTEN II 

tarj pecten Thus m the crocodile IjL 

there are a feu capiUarios and some ff0 

pigment m the nerve head W \ 

Among mammals the avascular re ^ 

tina IS seen m the MonotreraeCechidna) 

Edentates (hairy armadillo) Rodents p,^ 37 -A « s ektical Section op thk 

(Brazilian porcupine common guinea Tea/POKAI, Hair op ths Eir oi the Ostrich 

pig and chinclulla) Sometimes m un (Struthio cAWELts) B Tra s crsf beexto-s 

gulates and chiroptera (rhinoceros and Pecttn 

Australian fruit bat) (Lindsay Johnson) 

Jfost of these animals hare a capillary va-scaMrisation of the nene liead 
w hich IS X isible ophthalraoscopicallj and a visual acuit j which does not reach a 
high standard 

2 The Pecten Type is seen in animals of a lugU degree of xnsual acuitj 
Tlie pecten is best de\ eloped in birds but it has homologues m the cone of 

reptiles and the processus falciformis of certain fishes 

The Pecten oi Birds (Fig 237) is a triangular pleated membrane uhicli 
extends from the optic di&c (and cauda) which it coxers forwards for a xanablo 
distance into the xitreous It !■» comixjsed of a loose and folded connectixe 


tissue richlj supplied with xesscis and completclx coxered with pigment it is 
this that gives it a xelvctj apiiearance 
23 
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In "^omo birds, such as the Bwnn and fluck, it touches the lens , m others, 
esjwciallv in some nocturnal Pi>ecies, it is often rudimentarj 

The jiccten is an ectodermnl structure uhich ls sccoiularilv \a':cuhrised 
The funclioH is essentially niitrituc, taking the place of the retinal arteries 
Minch are absent m birds 

Some hold that it has erectile properties, and thus offers a defensive mechan- 
ism against too strong light 

Kajikaua maintains that the pcctcn regulates the tension (thus a capillary 
aenous rcserioir) the secretion, and the tcnijicraturc of thoeje especially at high 
altitudes (thus a heat radiator) 

The Jiccten is always attached to the lens although tins may in some cases 
be by \ er\ fine fibrils only 

The Cone o! Reptiles is analogous to the i>ecten of birds, but inste id of being 
triangular, it is a cone shaped projection from tlicdisc It is well developed in the 
lizard and chameleon and rudimentary m the tortoise and serpent 

It is also ectodermal in origin, being formeii by a vascularization of Berg 
mcister b papilla wlncii has grown forward into the vitreous 

The Processus Falciformis of fishes la a filamentary jirocess which w jTobably 
homologous with the jiocten It passes from the disc to tlie back of lens where 
it bpreids out to form an enlargement callwl the campaintle of llnlhr This 
contains miisilo fibres which form an cctoilcrmal retnetor lentis muscle 

It IS also a vascular organ, but covered bv epithelium It is dern eil from the 
lips of the optic fissure thus ectotlermal and is secondarily vasculansed 

1 ThA. iiemliraiut I twcidosa Rchiur Tyjw— Heio branches of the hyaloid 
artery spread out over the aurjau of the retina without actually entering its 
substance Opbthalmoscopicallv the\ appear to bo retinal vessels, but their 
true nature is found on microscopic section (Hirschbcrg) 

This tNjx! IS liest seen m snakcN but is also found in amphibians (frog) and 
ganoid fishes {Amta enhw) 

In the embrvos of certain roileiits a similar condition obtains, while in the 
adult (white rat) the vessels smk to some extent into the nerve fibre layer, 
and thus form a link between this and the following type (Mann) 

4 1 ht Artena Coifnibs Jiettmr 7 ypt is txpital of the primates It will be 
remembered tiiat this form of blood supply devolojis m the first place like the 
pecten le by a vasculari'-ation of Bergmcisters jiapilla But instead of being 
confined to tins, xascular buds grow out into the retuia (bcc p 311) 

Inr Lveal Missus 

The choroidal vesscK are much tlio same throughout the vertebrates, except 
that m the bony fi«hcs a great tluckiningofthcchono capillaris posteriorly forms 
the choroidal gl md 

Tlie ins vo-'.eW howtvir show mam variations (see Mann, 1D2'> and 1031) 
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I\ Fishes the uls is usiialh supplied h) two anterior ciliar\ artenes, which 
run in the horizontal meridian towards the pupil, round which thej form an 
arterial circle The venous drainage hes deep, obscured b\ the silvery membrane 
(argentea) 

I\ AmphtbiaThS, also, the artenes are superficial Thej enter the ins at 
irregular points, and run circumferentiallj Tlie ^ eins are deep Both artenes 
and veins are often obscured bj pigment 

t. Reptiles the arteries, inferior and temporal, constantlj enter the ins at 
si\ and eight o’clock, and then run circularly at the penplierj of the ins Often 
a superficial set of radial veins is aho found 

In snakes, however, there is an irregular netwurk of vessels 

Birds have deep circular arteries with superficial radial rem«, and often a 
dense capillary plexus 

lilAMHALS onli IS there a superficial system formed bj the pupillan mem- 
brane Hence onlv in mammals are there direct arteno lenous anastomoses m 
the region of the lesser circle The greater circle often lies at the ba«e of the ms, 
not, ns m man, in the ciliary bods Al«o the ciliars processes tend to be in 
contact with the hack of the ins 

In mammals generally (as opposed to roan) the \ortico^c \em8 have their 
exit m front of the equator Anterior to the vortex veins and not far from the 
comeo scleral margm, the cUiarj veins form an mtra'scleril circular anastomosis 
known as the circle of Hovius (Leber), especially well seen m the seal and porpoi-e 
It drains into the vortex veins, and ma> replace partlj the anterior ciliarj veins 
and the canal of Schlemra 

The Optic Nerve 

There is no optic ganglion in the vertebrates, such as is present m the 
imertebrates (Fig 221) 

In the vertebrates the nerve fibre layer of the retma is directly continuous 
with the optic nerve 

The form and structure of the optic nerve rari much, depending es«entiall> 
on the number of fibrous partitions In some the septa are absent, and then the 
nerve may be in the form of a ribbon , for m^^tance, m the sword fish and cartila 
gmous fishes 

In the eel a smgle partition divides the nerve into two 

According to Dejl, the higher the species of ammal the more developed the 
framework But Greeff finds manj excejitions to this. 

The Chiasua 

The cliiasmal cros-sing is characteristic of the lertebrate*; , m \inoitles, a 
cjclo'^toroe, it is actiiall^v in the brain substance. Below the mammal the cro'ss- 
mg IS complete In the bon\ fi'^hea them is a simple cro'.aing, one none, u‘*ually 
the right, pasMng dor«al to the other. 
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In tlie herring one ner\c pn'sses throxigh the otlier In the jiarrot fi‘ih eacli 
nerro dixidea into two the portions crossing like two fingers of one hand with 
two of tho other (Fig 2jS) 

In most reptiles and amphibians tiic 
ner\es duule into manj portions which 
liowe\er, cross completeU likewise m birds 
In all mammals except marsupials and 
nionotrcmes a portion remains uncrossed 
as we pass up the scale more and more 
remains uncro‘>«ed In man about one 
quarter arc uncrossed i e the majority still 
cross 

The fibres cross to make binocular vi’>ion 
possible '< >• 

TlfE LiTERAE GEVlClfL-STE BODV 

The beginning of a lateral geniculate body is seen m the ejeJostomes It is 
email iii most fishes hut shows better dev'clopment in tho tcleosteans (Kappers) 
In the amphibians reptiles and burda it w fetiU small and does not send 
any fibres to tho cortex (Elliot Smith) 

In mammals it reaches its full ilevelopmcnt It consists chfeentially of two 
nuclei which are ilorsal and acntral m the primitive animals It represents in 
fact tho whole of tlie lateral geniculate body of the lower animals As we pass 
up the scale the dorsal nucleus becomes more important and tho external gem 
dilate body rot vtes so that %rhat was dorsal becomes lateral In the primates 
tilt ventral nucleus is practically non existent and only the dorsal nucleus is 
cortitalh represented 

The acntral mitlous receives crossed fibres only gues off the bracluum tccti 
and IS toniicctod with the reflex centres of the mid brain (see \\ oollard inSfi) 
^Imkowski showed that enucleation of the eye in man cats and monkeys (all 
haling a jmrtial crossing m the cbiasma) results in the degeneration of certain 
layers or zones of both lateral geniculate bodies He concluded that the crosved 
and iincrosseil fibres go to alternate Ja\crs 

In tlio human external gcniniHtc bwU as m that of monkeys six lamina' are 
found The two superficial ones irt formed of large deeply staining pyTiform 
cells from tho ileip aspect of winch long branching processes arise while the four 
decolor lamui® are composed of medium sized colls triangular and fusiform ui 
ehajie and fairly tlo<eI\ packed together (see Le Gros Clark Bnl Jonrn Ophth 
Alav l')32 aho p 24(.) 

I’arutvi \sd Pisfai Fits (I jgs 23'J et seq) 

Parietal and Pineal Eyes are vert similar and closely associated 
From tin. roof of the mul brain two outgrowths nn\ arise 
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\a) The epiphysis oi pineal body , connected Anth the posterior coinmi«sure 
(b) The parietal or parapineal liody, placed anterior to the abo\e and con- 
nected Avitli the habenular commissure ^ 

Xow, uhile tliese outgrowths are 
usually glandular, they may develop into 
eyes which sliou more or less differen 
tiation 

The Panetal Eye is found m ceitain 
saunans (reptiles and birds) It lies 
under the skin, in the parietal foramen, 
which is analogous to our anterior fon 
tanelle It is a closed vesicle which is 
connected to the habenular commissure 
by a band knoim as the parietal ncr\e 
The eye structure is best seen m the 
prumtn o reptiles lu the lizard Lactrla 
oceUaln for instance, there is a lens and 
behind it a ca\ity filled with a liquid like 
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the Mtnous, nI«o a retina m which 
the rods and cones can be distin 
gui'^hcrl and a trace of a choroid 
Tlie pigment it contains has boon 
noticed to incnc under the influence 
of light 

Tlus o\c IS jKiorU (kwcloix“d in 
the onlmary h/^rds, it is nb-ciit in 
gccho, and is* onh reen during eiiibrjonic hft in other saunans In tho-e latter, 
111 fact, the parietal eye dj-apjienrs more or le«s compUtcU , it ilogencmtc-. 
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alters and is peiietrited bj fibrous partitions and \es&eis iihich masl its 
primitive f-tnicture and it is in the latter condition that we find the pineal bod\ 
m all other vertebrates 

Tht considerable size of the parietal foramen in manj fossil i-eptiles mal es it 
proliablo that m them the jiarietal eje vv as of great funetional importance the 
pineal or pirietal eve of liv ing species however plavsaverv small role m vision 


LENS 

I 



The Pineal Eye Is much like the parietal Thelamprej acvclostome has loth 
a parietal and a pineal eve 

The pineal oje, too u. ilacetl under the si m tlirongli the transparency of 
which It IS visible It develops from the extremity of the pineal gland and is 
connected to the posterior commissure bv the pineal nerve In it there is a kind 
of retina with seitsora cells and calcareous norhiles in place of pigment 



placed in the parietal foramen under the skill In the voung frog only a pineal 
eye is found whitli degenerate-* later 

It u prohal le that the \ meal gland of vertebrates is derived from paired 
Rvmmctncal orgins which liave fused and which correspond to the distal eves of 
tiio sal|>es (Todaro) 

In petroinvyon the jiiiual apparitus is at first |aircd and Bymmetrical and 
later one of thtse develops into the pineal organ while the other becomes the 
parapincal or pirietal organ which is plaeetl in front of the other (Sterzij 
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The 3rd Xerve NcrcEEtrs 

As M-Q f ra\ el up the animal scale the eyes, which at first lie laterallj , come 
more and more to the front of the head ^’e note the same changes onfogeneti 
cally m man In the embryo the ejes are first lateral, then later swing round to 
the front 

Associated with these changes ne bare changes m the appearance of the 3rd 
nerve nucleus 

As the eyes moae more and more to the front in phylogenetic historj, and as 
binocular aision is correspondingly more developed and convergence becomes 
more important, the median nucleus of Perlia is formed, and joms together the 
originally separate lateral nuclei On the other hand, the nucleus of Edinger- 
Westphal was originall}^ single and median, and as we jiass up the ammal scale it 
tends to divide into two 

Thus the nucleus of Perlia is absent m rodents and small in herbivora In 
carnivora, who have to w atch their prej closely it is quite well dev eloped, as also 
in birds It is especially well developed m the higher apes, and, in man m whom 
the development of stereoscopic vision goes hand m hand w ith his mental develop 
ment, there w a forward prolongation of the nucleus {''ee Brouwer) 

The Eclmger-Wcstphal nucleus, which appears earlier in phylogenetic history 
than that of Perlia, is single in the cetacea, rodents pmnipedia and carnivoia, 
and paired in the higher apes and in man This may be associated inth the fact 
that w hen we look at an object which is not equidistant from the two eye^, each 
©ye requires to focus differently to see the object clearly 

So far as ontogenetic dev elopnient is concerned, the nucleus of Perlia is formed 
when, in the human erabrjo, tlie eyes swing round from the side to front of the 
head, and the nucleus of Edinger-Westphal makes its appearance when the ecto- 
dermal portion of the iris is being formed from the margm of the optic cup (Paton 
and Mann, 1925) 


The Dorsal Crossi>o of the i-ni Nerve 
The ■4th nerve is a motor nerve which arises from a nucleus directlj continuous 
with the 3rd It shows, like all other motor nerves, a central cerebral crossing 
It differs, however, from them in not remaining on the same side , m not leaving 
the central nervous system ventral or dorso lateral, and in making a second 
(almost) complete crossmg with the 4th of the opposite side, leaving the brain in 
an ultra dorsal position before winding round the bram stem to become ventral 
It supplies the superior oblique, which in gnathostomes forms the most dorsal 
muscle (Furbringer) 

The ontogenetic history shows that the dorsal position of the nervus troch- 
learis and superior oblique muscle w acquired vrerj early in erabrj omc hfe The 
superior oblique arises from the dorsal portion of the mandibular injotome 
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Tlio 4th ntr\o js jilrcadv prc‘>eut m the ejclo'itomc ‘1 find in nil ainmali there is 
tlie curious dorsal decu'ss'ition 

Scicrnl theories ha\e been arUanced to account for this 
It is thought that tho 4th ncr\o Mas onginallv sensorj (Hoffmann) or motor 
(t urbrini^er) to tho central pmcal eje and nhen this degcnoritccl it became the 
nene to the opiiosite lateral e^e Accoithng to Gnskell migration of certain 
dorsal muscles to supplj the lateral ejes can bo seen m certain fossil animals 
Johnston holds that the 4th nerac leaaes the brain dorsalR because this is bj 
far the easiest route For otherwise it would Ime had to j ass tliroiigh the whole 
thicl ness of tho mid hrnin 

Neal holds that the muscle fibres of the myotome of the second somite which 
IS supplied bj the 4th ncrie wandered o\er to the opposite side and with the 
formation of the head fold acquired a aciitrni position All the dorsal portion of 
tlie mvotomo degenerated except the supenor oblique 

Tjif Ciuap\ GosOliov 

Tlie ciliart ganglion is es«entiall> a rolaj station for tl e parasympatl etic 
(autonomic) fibres of tho 3rd ner\e 

Sensorj ganglion cells (which have wandered from the Gasserian ganglion) 
have also been described but must bo of little importance and the svmpathetjc 
ccrlainl} has no cel! station m the cihar> ganglion 

Schwalbe, in fact as tlie result of extensive researches into its comparative 
anatom} calls it tho ociilo motor ganglion 

Ho found that in bon} fishes amphibians and reptiles tho ganglion is con 
nected with the 3rd nerve and m man} cases no fibres come from the fith or 
B}mpathctic Also in ganoid fishes (Schreider) in selachians and chelonians 
(Pitromo) the cilnr} ganglion is associated with the Jrd nerve In mammals 
the connection with the 3rd is alwo}8 present although the sensor} and svmpa 
thetic inav be absent as is sometimes th© caso even m man 

Structure — Muller (1^20) finds that in the human the cells are exclusively 
multipolar and different from the BVmpathetic In birds (Lenhossek and Car 
penter) tlie cells are cerebro spinal in tvje and the fibres do not divide in a T 
shaped manner Pitrorno nl o could find no sympathetic cells in the ganglion 

IV. *A’/b VK/llVUVi/ftti. 

In the nrtiodactvls pig boar buffalo goat nnd in the rabbit the ganglion i-. 
double 

In binls there is onlv n motor ami no tensory or symiiathetic roots Tliesc 
join the ciliarv nerves 

FTpenmentaUi/ in tho dog eat and inoiiKev the ciliary muscle contnets 
either on stimulating the 3rd nerve or the short cih iries (Hensen and Voelkers) 
Destruction of the iris nnd ciliary body enust« degeneration of the cells of tho 
ciliary ganglion 
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Cauterisation of the cornea causes sli^t change in tlie eiliar} ganglion and also 
m the Gassenan ganglion If the ciliarj ganglion is painted ^\ith nicotine the 
motor path is blocked while the cornea w not affected This shows an autonomic 
cell station This experiment could not be repeated in birds m which the ciliar\ 
muscle IS striated (Langendorf Lodato) 

EmbryoJogically — Cells are frequentlj found migrating along the 3rd nerve 
to the ganglion and some have also been described coming from the Gascerian 
gangbon (Carpenter Gafini) 

The BRAia 

As we pass up the invertebrate scale we find a general tendencj for the central 
ner\ ous system to enlarge and become aggregatetl at the anterior end of the animal 

Amphioxus (although classed as a vertebrate reallv lies betw een the tw o big 
groups) has a simple enlargement in front of the notochord There is no differen 
tntion no true brain formation and no skull is formed round it (hence it belongs 
to the acrama) 

In all other vertebrates the lueduJlara canal divides mto three pnraarj 
aesicles i e the fore mid and hind brain vesicles The first and hst of the e 
divide up agam so that eventually we have five siibdmsions 

1 Telencephalon or fore bram 

2 Diencephalon or thalaraencephalon or inter bram 

3 Mesencephalon or mid brain 

4 "Metencephalon or hind brain 

5 Myelencephalon or medulla 

The Telencephalon, bv a thickening of its roof forms tl e pallium which later 
develops into the cerebral hemispheres while a thickening m the floor forms a 
basal nucleus which will form the corpus striatum of man 

In the Diencephalon a thickening at the sides forms the thalamus while the 
roof remains thin and is often folded 

In the Mid-hrain the roof forms the optic lobes w hich in the mamma! 1 ecome 
the corpora quadrigemina, while tlio floor forms the cerebral peduncles Since 
the roof of the raid bram (optic lobes) receives the optic nerv c it i-i known as the 
tectum opticum 

In the metencephaion the cerebellum is developed m the roof while the pons 
develops m the floor 

In the mj elencephalon the flooi forms the medulla oblongata while the roof 
remains thin and is often folded 

Thus we see that the roof of the diencephalon and thvt of the mvelencejihalon 
remam thm and the vessels with which they are richly provndcil form the 
choroidal plexuses Thickenings m the roof of the former however form the 
ganglion habcnulie and the parietal and pineal organs {q t ) 

I\o shall now comider shortlv how the brain difTcr^ m the various groups of 
vertebrates 
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In Fishes — ^^Vo ha%o seen that the central nervous sjstem of amphiovus 
presents a simple enlargement at its anterior end Some authors liold that one 
can difTercntnte the olfactory, trigeminal, and facial non es but this i-- doubtful 
In the selachians the -wliole of the anterior portion of the brain is olfactory, 
which is much more de\eloj>ed than the \^ual portion The optic lobe^ are 
hoyvLver, quite large, and the optic ner\c enters them 

The pallium is but slightlj thickened 

In the bony fishes on the other hand the optic lobes are larger than tho 
olfactorj part of the brain 

The inter brim (diencephalon) is, generally fcpeAing little developed m fishes 
although there is a small thalamus and geniculate bodies 

The cerebellum is ver} small m cjclostomes small m selachians, and well 
marked in the bonj fishes The medulla oblongata is large owing to the great 
development of tlie nerve nuclei especially the 6th, 7th, and the 8th 

1 rom the mill brain passes the tecto spinal tract which runs to the posterior 
longitudinal fasciculus 

In Amphibians tho olfactory jiortion h small , the pallium is fairly developed 
Tlicro js a rudimentary tlnlanms The optic lobes are fairly well developed 
esiiecialh m the anura and tho optic nerve goes to them The medulla oblongata 
IS small and eo is the cerebellum 

In Reptiles the pallium IS etill further developed and vn fact show a the first 
indication of a cortev which is olfactory There is a rudiment of the corona 
radmta passing fiom the basal ganglion to the corte\ 

Tliti optic lobes arc fairly large and m the crocodile there is an indication of a 
posterior qu idngcminal body Tlic thalamus is fairly well developed, and so arc 
the optic lobes 

From the roof of the inter bram tho parietal eye is developed 

In Birds there is a great development of the roof of tho fore brain or pallium 
to form the cerebr il hemispheres The optic lobes aro large and the thalamus 
small The geniculate bodies are fairly viell developed The cerebral hemispheres 
cover a large part of the optic lobes Tlie tnctus occipito mesenccplialiciis unites 
the occipital cortex with the optic lobes and is the first connection between the 
ovo and tho cortex Tlie optic fibres mostly terimnate in the optic lobes, but 
nianv pass to tho gcniculato boebes and thalamus 

In the pigeon there is a commissure between the optic lobes which may 
function as a second crossing of the optic pathway Thus, if one removes 
tho left eve and left occipital cortex, the animal will after a time see again which, 
since there i» a complete crossing of the optic nerves may be effected by the 
tract liotween the two optic lol«s, or, as is more probable, tho cortex is associa 
tionilonh (Stef uii) (sec later, p jG3) 

In Mammals tiic striking feature is the great development of the cerebral 
bemuspberes Thov cover the diencephnlon the mid bram and part of tlio 
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cerebellum But the mid brain is reduced ind the quadrigeminal bodies are 
smaller than the optic lobes of the lower vertebrates 

Tlie inter bnm ls well de\eloi>ed and so are the thalamus geniculate bodies 
and peduncle'' The thalamus becomes a great co ordmating centre for eensorj 
impulses 

Tlie olfactory portion \anes It is -^ers large m edentates fairlv well devel 
oped in the carnivora and almost absent m aquatic mammals 

Tlie geniculate bodies recci\e few optic fibres m the lower vertebrates Even 
m the lower mammals for instance the rabbit more go to the quadrigeminal 
bodies As w c pass up the scale the geniculate bodies tecci\ e more and more 
Msual fibres (in man at least 90 per cent ) 

■According to Edinger in those animals in which the usual function is carried 
out entireh or almost cntircl) bj the primarv centre^ the optic connection with 
the corjiora quadrigemina is large But as cortical ii«ion is developed and 
perfected the centres cla«c!3 connected \nth the cortev take first place namely, 
the external geniculate ljo<h (and the pulvmar) and the part derived from the 
quadrigeminal bodies lessens m proportion 

The pulvmar is Lttle deaeloped m the lower vertebrates compared anth what 
it IS m the primates 

Up to the sauropsida (birds and reptiles) the roof of the mid bram is not 
divided into anterior and posterior corpora quadngennna This change from a 
bigeminal to quadngcmmal bodies is due to the fact that fibres arising in the 
cochlea require a separate centre It is first well «een m the amphibians and there 
IS on indication in the crocodile 

In lizards each quadrant of the superior colliculus is associated wath a defimte 
posture (Wil-on 1928) but it is in birds that the optic lobes reach their highest 
specialisation 

The cortex is smooth in edentates and rodents including the rabbit and even 
some monkeys but it becomes folded in the higher mammab. Tlie optic 
nerves ire less develojied than m birds 

It follows from vrhat has been said above that removal of the cerebral herai 
spheres in fishes amphibians and reptiles bos no effect on vision In birds the 
real sen«orj receptive area is in the optic lobes while the cortical centre is a«so 
ciational onlv Thus ifthe latterisdestcoved visual memorj goes but blindness 
can only be produced bj destroying the optic lobes 

In conclusion and to "ome extent summarising what has gone before I would 
quote from Professor Elliot Smith s Bowman Lecture 1928 * 

“ In all vertebrates the nerve fibres proceeding from the retina cro^s (whollv 
or onlv m part in most mammals) to the other side of the brain where they end 
in two masses of grej matter — the lateral geniculate bodj which is part of the 
In the rrOJM Op/</ Soe VK 19^8 



3G4 ANAT0’\I\ or THE EVE AND ORBIl 

thalamus ami tlio suptrior quadrigeminal IjwU which is part of the mid hrain 
The former connection !« concerned with the airnreness of vision the phenomena 
of consciousness and the latter (mid hiam) with such unconscious functions as 
the reflcK actions of the eve miisclps and the general inusenhture of the whole 
bodj Brouwer has shown that m a lowlv mammal such ns a rabbit the four 
(piadrants of the retina have a topographical rcprcsentatiou m the quadrigeminal 
bodv \\il«on (of Cairo) has reccnllj demonstrate<l tint the corresponding 
quadrants in a lirinl s hnm control definite movements or postures of the I odj 
— a kind of autonomous inccluniMii for the analysis and functional expression 
of optic influences analogous to the analvtic functions of the semicircular canals 
m connection with equilibration 

‘ In mammals the lateral geniculate bodv for the first time in the vertebrate 
seric® emits a large strand of fibres (optic radiation) to prov ido a path for v isual 
impulses to the cerebral cortex But the ticojiallnim also begins to assume rome 
of the motor control which hitherto has been a function of the quadrigeminal 
bodies It IS interesting to note that accoriling to Allen this process is not 
completed in the nbhit Its cerebral cortex according to him controls the 
mov ements of the head forclimhs and IkmIv but the control of the hind limbs is 
still retamed bj the nud beam In most mammals however the transference 
of motor control to tlie cerebral cortex is complete 

l\ith the acquisition of hmocular vision (m mammals such as the eat or 
better numkejs) the fibres of the optic tracts become rearranged The fibres 
from the lateral part of each retina no longer cross to the other side of the brain 
but become connected with the same side so as to bring into connection the 
terminations of the fibres coming from the methai sule of one retina and the lateral 
suit of the other which in binocular vision neccssaril;^ net together so as to 
merge in consciousness the two images of one object 

But this rearrangement of the optic tracts neccs»anlv aflccts the endings 
of these tracta in the geniculate and quadrigeminal bodies Instead of mcdifica 
tion of the retinal localization in the quadrigeminal bodj to adapt it to the new 
londitions tlic cerebral cortex seems more fiillv to usurp its motor-controlling 
functions \\ ith the loss of such functions the quadrigeminal bodv nl o loses 
most of the direct connections with the optic tracts and the cercliral cortex 
acquires a corresjiondinglj eiiliaiiced control of the quadrigeminal bodv 

In monkey's and man further profound changes occur in the whole of the 
visual svsteni A defimte macula lutea develops m tlic retina and e-’ch of the 
percipient cells m the area of acute vision transmits its impulse (imlirecllv) to a 
s-eparate fibre of the optic nerve In the rest of the retina and in the retinas of 
iitiicr mammals groups of sensorj cells (iwls) transmit their impulses into one 
granule and guighon cell so that there are far more percipient elements than 
nerve fil res in the optic nerve Hence when the macula develois in monkejs 
and man this small area adds a contnbution to the optic nerv e and tr ict that is 



COMPARATIVE ANATO’VIY 3C5 

out of all proportion to its size The macular fibres form more than a third of 
the optic nerve, and there is added to the geniculate bodj a neu formation as a 
macular receptive mechanism 

Mith the atrophj of tlie quadrigeminal fibres of the optic tract and the 
sudden increase of the geniculate connection m monkeys and man, practically 
the u hole (more than 90 per cent ) of the optic fibres go to the lateral geniculate 
bod} But mth the enormous increase of the latter the bod} Io«es much of 
its autonom} Its aentral nucleus, which in other vertebrates controlled the 
quadrigeminal body, atrophies m the Primates In its place the cerebral con- 
nection IS still further strengthened The geniculate bod} becomes more and 
more an intermediary between the retma and the neopallium, and almost the 
■whole function of visual perception becomes concentrated m the cerebral cortex 
” The development of macular vision confers upon man the abihfc} to see the 
world and appreciate its meaning in a way that no other living creature is able 
to do His new vision depends upon powers of \isual perception as distinctive 
as the use of articulate speech to give expreosion to what he «ees and thinks ” 
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: Choroid s 

anatomy of, 40 
cojnparatii-Dsnatomj, 333 
dexelopment of, 306 
x'essels of, 58 eC Sfq 
Choroidal • 
gland, 334 
ring, ioG 
Cliromatopliores , 
in choroid, 42, 43 

Cilia, or eyelashes, 122 
of bght cells, 323, 325 
Ciliar> body: 
anatomy of, 44 
dexelopment of, 306 
vessels of, 59 tl stq 
Cilmry muscle, 46 
action of, 48 
dexelopment of, 300 
nerx es to, b8 
rad/al portion of, 47 
stroma of, 49 
Ciliary processes, 48 
Cdio spinal centre, 275 
Circle of Hoxnus, 355 
CliMis. DO 
Clump cells, 56 
Collarette, iC3 
Comparative anatomy 
of antenor chamber, 34S 
of brain, SCI 
of caruncle, 349 
of ehiflsma. 355 
of choroid, 333 
of ciliary body, 337 
of ciliary ganglion, 360 
of conjunctiva, 347 
of cornea, 340 
of dioptric apparatus, 339 
of dorss} cros$ing of 4th 
nerve, 339 
of eyelids, 345 
of fundus, 335 
of Harder’s gland, 349 
of ms. 338 

of lacnmal gland, 349 
passages, 350 
of lashea, 346 

oflateralgeniculate body, 303 
of lens, 340 
ofhds, 345 
of macula, 331, 333 
of muscles of orbit, 350 
of nictitating membrane. 348 
of optic nerve, 353 
of orbit, 343 
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Compftrutixe onatomy, eoni 
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of palfielrral opening, 3-13 
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of pijrmerit epillieluitn. 320 
of pineal e\o. 33H 
of plien aeniilunanSi 3-17 
of pupil, 330 
of retina, 327 
ofsclem, 3t4 

ofnuKpennorj ligament, 341 
of larsiw, 343 
of 3ol noire imdeiia, 350 
of trod Joftr nen o, 359 
of uvea. 337 
of votvck of orbit, 331 
of V iKiinl ocntrca, 303 <t ttq 
of vitrcoiia, 343 
of zonule, 341 
Conduction of tcaM 10’ 

Cone of reptiles, 354 
Cones s 

anntonjj of. 7S 
culuiiml globules in, J32 
development of, 297 
Coniuncliva, 140 
bulbar, 142 

compomtivo anatom} of, 347 
development of, 305 
epilheuum of, 143 
clnmUof, 145 
r}mp1iatm of, 140 
nerved of, 149 
offomix. 142 
palpobml, 141 
papvUiv of, 143 
•hi Umii appeamtiee of, IU4 
veinaor. 14S 
vesaclii of, 14li 
Contraction folds of irw, 55 
fiirrovs of ina 53 
Convergence and aceomtnoda 
tion, centre for, 195 


Cornea 

■uialom} of, SS 
nt birlh. 314 
«!U of ftromii of, 35 
rom{iaralivoanatomy of, 340 
corpusclpd of, 33 
development of, 302 
endothchiim of, 34 
epithilium of. 31 
]}mptiatic8 of, 35 
nerves of. 35 
vomkIs of, 35 
Corona cihnns. 44 
Corpom nmylneoa, 242 
nranac) n, 257 
Comigntof sujiorcihl, 157 

of lens. Ill 
visual, 240 

•Irucluroof, 251, 252. 205 
vascular suppi} of, ’fW! 
Cortical tmilo motor cenliri. 


Cramyton'a mtiaele, 537 
Cribm orbitolia, 3 
Cr}pUof ins. 6i 

Clip 

optic. 291 
phvawlosical, 101 
Cuppcsi diBO m glauiHnna, 36 
Cutirijlar lamina, 43 49 
D 

Darkscliewitdch tiact of, 245 
Decussation of 4tli nerves, 35') 
Deep facial vein, 257 
Descemet's membrane, 33 
development of 305 
Development, 259 
of anterior chomtier, 304 
of caninele. 3tW 
of clmmid. 300 
of cdiary bo<{} , 3IUI 
of ciliary muscle 300 
ofconjmietiva. 305 
of eomca, 302 
of eye, poet natal, 315 
of cyela^es, 303 
of livsioid vraaels 310 
of ins. 305 

of lacnnal glaii<l, 508 
viucta, 503 
of lone. 300 
of lids. 307 
of fnaiiila. 297 
Meibomien glaruls, 307 
of 3toll s glanil, 307 
of muscles, eztnnsic. 313 
of tvnsal smusia, 22 
of optic nerve, 290 
of orbit, 312 
pigment epitlulium. 290 
of plan eemilunarn, 505 
of pupillary membrane. 302 
of retmo, 239. 2J3 
of retinal vessels, 312 
of eclcfa. 305 
of tarsus 309 
of Tenon'a capniile, 305 
of uveal tract, 304 
of V lirvoue, 309 
of 7ew's gland, 307 
of zonule, 309 
Duiincfera of eye, 27 
Dilatator pupilla? 
anatomy of, 50 
development. 305 
Disc, optic, 104 
Dopa, 2l»S 

Duct, naso lacnmal. |t>0 
I>ura of optic nerve, 2 17 
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E«IiRgcr>n'nitpluil nucleus, 190 
Eighth nerve, 229 
Finl>r}olog}, 2s» 

Ftmantlius. 121 
f pipliyns, 357 
I [usciera, 38 


Epithelium : 
ciliary, 49 
conjunctival, 143 
comenl, 31 

pigmentevl, of retina, (>9 
Bub capsular, of lens, 109 
Etiunoid : 
bone, 11 
cells, 24 
foTOinina, 14 
External 

gonindato body, 245 
limiting membrane, 77 
scleml sulcus, 29 
Extrinsic muscles : 
action of, 174 
unatom} of, 174 
comparatneanatom} of,350 
development of. 313 
E}e, or e}ebii11 • 
anatomy of, 27 
compound, 333 
cup elvaped, 331 
development of, 289 
epithelial, 321 
foceieiJ, 323 
lint, 321 

invericbmie, 321 
migratory, 344 
ptnoo), 357 
telescopic, 329 329 
vertebrate, 321 
vesicular, 322 
r}ebroiT*;, 13'i 
rveloshes . 
anatomv of, 132 
development of, 399 
follicles of, 121 
£}eli(U' 
anatomy of, 120 
eomparativoonatom} of 345 
glands of. 131 
lymphatics of, 135 
margins of, 122 
muscles of, 134 
nerves of. 134 
stem of, 123 
Btructuroof, 125 
Burfacc anatomy of, 120 
third. 347 
veins of. 133 
Eye spot, 319 
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bulbi, 185 
lacnmal. 158 
Fat : 

central, 187 
orbital, 187 
^ripheral, 187 


layer ofCIiiovftr, 207 
of llcnle, 80, 00 
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infnt-orbtt/iJ, Si 
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oplK. 14 
Fowa 

for larnmal gland, 3 
larnrnal, 4 
r«t«llar, ]0«. 114 
Fovea . 

centralts, 00 
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Fmnfal • 
arteij, 2<0 
Ixuif, I, 3. 0 
nm-e, 213 
ttoteli, 16. 314 
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Frontnlts raiLvIr, 13^ 
i'nclw* *pur. 57 
Funilm, appearwnee of. I'H 
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Calm nponeuroiira. 133 
Caiigtion and gnngluk 
ct lU of n tiiiu. 82 
oiliaf}. 3(7. 3li0 

GiMfoTtan, 

ilcrkel’r, 223 
tKuIo motor, 217, 700 
eraniliinur, Si'H 
rplictio paliifute, 223 
Gosaenn)! ganglion. 204 
Gennnn. liin' of, 243 
Glalfolla. 20 
Gland, or glonda . 
eiiomlddl, 334 
c*lino»-l^ 
eonjunctival, 14» 
taenmni, 173 
Mrtlwmian. 132 
of HanJrr, 285 
ofllenle. 145 
of Manz. I4'» 
oCMoU. 132 
ofWtilfruiE, 147 
nfZeis, 173 
Glial mantle, 242 
Goblet cells, 144 
Gninert'e spur, 57 
Oudden. commissure of, 243 
Ojrus, angular, ‘253, 259 
U 

Haller's layer of clioroid, 42 
Haimo\er, canal of. 112 


llar^i’**. gU’td o^ 34‘» 

Hassel H*mte *K>d*es. 34 
Hervactpi pnpt^tary react ion. 

Ken.» pitiwl'of. f43 
bb’claaerof 90 
Hcmer » smJixwse, £77 
Hot ns. cirr>9 of^ 3o5 
Burn->ur o>lw* ut tl7. I|i> 

Hj al-id 
artery. 31'* 
ranal 1)4 
membsnre, 114 
tojramder of. 17| 


Inlennr ophthalmic \-eui. £>4 
Infm-otbi'al 
■ an i>. r> 
foram^ 2«1 

eevl•o•^, fi 

infra tnM>h(-^r nor\e, 2I«» 
Inner 

nuclear later 80 
plcxiform Uy-w, 81 
liitertDwctilar membrane. 187 
ftitcmal (irnttlng meiiihnirte^ 
SI. k7 

Involuniarv mrttnia »y«tem, 
270 
Ina 

anatomy of. 51 
at birth, 3fH>. 315 
cnrojuintitearwitomt of, 338 
cry pla of. 72 
detelopoHiit of. 4U5 
I enilotncliURi of .74 
folila of. 53 
frill. .73 

greiitir eirclo of, Ii2 
lesser r ircla of. 113 
IK rfps of. 65 
pigment epithelium of, 77 
t rwls of. 6.7, fl£ fi srg 
L 

Lacnmnl : 
ampulla, {77 
apparatus, 172 

firteiy . 279 
iione, 4. 1 1 
canahnih, 1,76 
fiiMta. 478 
fossa. 4 
gland. 173 

eomparatito anatomy of, 
349 

foam for. 2 
nervonipply of, l57 
i)er\ev 210 
papilla, 157 
passages, 157 

comparatno anatomy of, 
349 

devcl 0 ]>meRt of, 308 
lyrnpliaCica of, {AS 


L&cntaal. coat 
po.'Miges. 

nerves of. 162 
of. 162 

pimeJum. l.TS 
sac. 158 
tubercle, 21 
Lacui tacnmalis, l53 
Lamina ; 
enbrosa. 234 
cutictilar, 4X 49 
elastic of eboroid. 43 
of ciliary I>odv. 49 
fused of cilian body*. 47 
ifvio pupiildns, 303 
papytaecd. 4 

) vttrea.rw ItniiVamembrane 
‘ Lateral ; 

I ealeanne kuliua, 252 

' grnictiJafe h«li , 24.7 

palpeltral artenes. 133. 2^0 
, ligament. 128 

retriMccdura of ffpsamr, 70 
I l.a\-er . 

I antartof border |hmJtuig>, 35 
I inner nurtear. 80 

plexiform. 81 
1 nery-e librn, 83 

' of CTuevitr. 807 

I of ganglion eelLs. 82 

of lienie, 80 
of Toils and conoi, 73 
of SattW, 42 
outer nnclenr, 70 
plosiform, 70 
I.ens • 

ago changvd in, HI 
anatomy of. iu7 
eupsnle. 103 
m areommoiUtion. 1 09 
eemenl, sulMianceor, 110 
fompamth-o nnatomy of. 
340 

cortes. Ill 
det'olopment of, 300 
diamotera of. 1U7 
epithelium of. 109 
fabmi of, 110 
miilci of, 170 
pud. .711 
pit, 3(*0 
plate, 300 

nidil of curiafnnj of. 107 
alit lamp apponranco of, 170 
star. Ill 

suspensory tignroeniof. 112 
auturos, 111, 170 
zones of, J70 
Lessor cuvle of iris, C7 
Leiator palpebni* supenons 
muscle, 183 
Lid raargiti, 122 
Lids. 1211 
Ligamenl s 
chock, 180 

lateral palpebral, |2S 
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Licn'ffnt coni 
medial pnlpebml 
of Lockwood IS« 
poclmalo. S'* 
aiwponiwry of Jena. IJ, 
of Iftcnroal gland. 15S 
Ligiuncnt*. rliwk, 180 
Litnbua, 3< 

Liii« 

AmiAto, 17!, 309 
of Ociinan. 249 
ofTOrck. lfi« 

Lockwood tendon of, I7il 
Lunette. 3t0 

Ljmphalios of conjunetna 
149 

of cornea. 35 
of Pielida, 313 
of Ineninnl pasaagee, 1 (U 
of orbit, 187 
of retina. 102 

Ljmpliaticdrainapeofeye 115 
Lymphatic enaco. aiipra- 
choroidal, 4 1 
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Macula 

anatomy of, l)i» 
ooinnaratiTO nnatomv of, 

311, an 

ile\Hopm«it of. 297 
ophlhnlmowopiiJ appear 
anee of. HiO 
Macular 

area in cortex 2i7 
nrtenea, 98 
MaiCf eimu of, Ini' 

Jilalar Ijonc, 1, 8 
Man*, gland* of 140 
Maxillary 
antrum, 22 

nme, 220 

Meckel * ganglion, 221 
Meilial 

ligMiwnt. 127 
longitiicliiud buiullc, 207 
palpebral arteriea, 113,280 
rectiu. 1711 
Jtrgaacmo, H' 

Jleihomion glanda, 132 
Melanin, ongu; of. 20H 
Membraiin * 

hmitana peril aaeubina, 102 
Naaculosa retime, 153 
Membrane 
Bowman'*, 11 
Bruch a. 43 
Dcsccmet'*, 33 
external Iimilmg. 77 
hyaloid, 114 
intermuscular, 1R7 
intcnml limiting of ciliary 
body. SI 
of retina, 85 
nictitating. 317 
periraacuUr glial, 102 


Membrane conf 
pupillai}. 301 
aiKery, 11* 

\er!*«^s 71 
Sfeaoseme It, 

Migmtnry eye, 114 
MolU glaiwU of 132 
3lo^ enients of eye, 174 
Muscle, or muscles 
action of. 174 
Urdcke a, 41, 
choanoid 111 

ciliao. *8 

rorrugatorsuporeilii, 137 
dilatator pupiUa*. 5tl 
extnnaic. 173 
frontalia, 138 
inferior oblique, 139 
inferior recciia 178 
lateral roitua, 179 
lexaior palpebm anpenomi, 
181 

tnedinl rectm 170 
MOllera of iiliary body, 47 
oflida 131 340 
o' orbit. 19 340 
oblique I7i> IHI 
of Crompton, 139 
ofltdi. 131 
of Riolan I3<i 
CMVipiio frontalis 131 
orbiciilan* ociili 134 
{MiljMibrol 131 
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prnimelor lentia, 341. 141 
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of metitating meinbrnne, 
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quodmtiia 348 
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Icnii*. 311 
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superior 
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Nervo and nerves, cent : 
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naaa ciUbtv, 214 
oeulo motor, 189 
of conjunctiva, 140 
of cornea, 35 
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of pupil. 273 
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Nuclei of lens, 179 
Nuctaus 
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Oeulo motor 
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Omjnatidium, 3‘23 
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Optic 
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chiosma. 212 
cup. KM. 291 
disc, 194 
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Sphincter pupnia*. '1^ 
<le\elopmeiit of, “tn'i 
Spins ttwii laterally, 0 
Spur 

of Kiich*. 57 
of Gnitierl, 57 
of V Jticbcl, 57 
Bcleral, 3S 
pump action of, 4S 
Etan, inuscte, 4J 
SiniD cilinrcs of O Schullze, 


Subamchnoid rpa<-« of optm 
tiene, J77, ilH 

Subduml space of optic ncne, 

ats 

Sulcus . 

Infraorbital, (> 

BcIeTtc, 

Superior’ 
enlbciilua, .*47 

riimmiMuire of ^lejnert, 
247 

oblique, 181. 18.* 
opliinnlniio ^cln, 283, 281 
orbital Assure, 1 1 

rcclua, nn 

Siipmchoroiilts. 41 
Euprucilisr> ciuial, 10 
Supmorhitfll 
Artery, 2H() 
nerve, 314 
notch, 10 
%ein, 28.7 

bupratroclilmr nerve, JI4 
Suspensory lijitaineiit, 112 
Sutures 01 lens. 111, 170 
Sj nclromc , 
of iloiiedikt, lOS 
of Grtuleuiffi, 2011 
of MeVr, 1117 


Tapefum. 734 
Tnmnl ptaleo. 127 
Tears, cooduetion of, 1A2 
Toiion ca|wule of 185 
ilevtilopmnit of, 301 
Thalamus optic 247 
Thiitl 

ejetiil 148 
nerve, 181 
Tract 

of DarkscheaitscU 34*i 
optic, 24 

tntnsverao peduncular, ill 
Trigeminal ner\e, 207 
Trocliloo, 181 
Trochlear 
nerve, 1118 

central connectionaof, 200 
constitution of, 201 
nucleus of 200 
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TnipLsm lift J20 
Tunic, voaetilar fee ttea 
Tunica losculosa leniis lOI 
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il<sp facial. 287 
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frontal. 287 

inferior opUlluilmic, 284 
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ofeielals. 131 
of orbit, 283 
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supraorbital. 385 
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' lltreoiis 

anterior, Kill 

anatomy of. 112 
bitso of, 1 13 
origin of. III 
slit lamp nppoaranco of, 
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ultra microscopic appear 
nnee of, 114 
primary Hill 
seeonilary, ,1(>1) 
structure of, 1 14 
tertiary, 3li‘l 


Zeis, gltiiiils of, 131 
Zinn 
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zonule of. 112 
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of cornea lfI7 
of lens, 170 

of lena (ilucontinuity), 170 
of plateaux anil grooves. 142 
of s^wolar reflection, l()7 
pupilkiy 52 
Zonular 

lamcllii 101 

Zonule 

anatomy of, 1 12 
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